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Foreword .
Marme eclucatlon is-a- relatwely new term embracmg a . T

- multidisciplinary-approach to learning about the manne

envirdbnmeat: how it relates to- people and how people - R

change-and relate to if. These units aré intendedto serve + -
/Zs points of- -departure for teachers and students who - - IR
)

“

esire:to increasg their awareness of the. watery wodd of o
this blue planef: Each unit includeg ideas and actjyities ™ B
- dravn-from a variety of-content areas’ o that ‘teachers of <
- many-different subjects at the junior high and .middle -- -
. school levels ¢an-make use of- them.-These_units may be
usedm lhelz entirety orused ‘as idea-or acti e
i -

: ts make:learning more”
waterare]ated We dld not plan a siructuraLsequence o
il ek T i _

: As the -Gualf extmd’s:fr m-Cape Cod

washes an-exiremely long and:vari oast- W

~dredged and seitied-themes from:the ac ivitie onc erms,
-= organistis; vessels; andiHe: past of this Vast watery regio

of North Amenca. We aim —to be incluswe :ather th
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- -The idea of a “world of wates” is the key concept Not only are the earth’s water supplies related =/
~ -* in matine education: All-the oceans; rivers, _ ‘through thé water¢ycle, but; also; through:a.. .~
. streatfis, ponds, Jakes and ground wateizsystems of * f, = physical.connectedness on the earth’s: surface:
‘£fie world are inferconnected through onegrand ~ § . “most rivers, lakes ‘and streams’eventually'end up
- - process-known as the water cycle=In this cycle, { flowing into_ the oceans.. Because of this°system, |
{ water leaves the sirface of the earth through #= | the only:real difference:between ocean water and;
-~ - *evaporation,-raused by heat from-the suns rays, of fresh water.exists; the amount - of minerals. =~/ -
-+ _via transpiration-from-the leaves of plants. The* * f + _(generally called “salt™ found in-each. Stxzams,’
“gaseotis Watet, called wafer vapor, is carried aloft _ rjvers and raindrops erode-the zocks-of the-earth’s
& by rising-air ¢urrents where it s condensed into. -+ surface, Fhe minerals :and.rock particles that Yesulf
__raindrops or snow which group into clouds. When . from this’erosion are carried by rivers to,the seas. . = |
- theclouds become too-heavy with droplets or ./~ "Thus, all of earth’s waters contain.some "silt™ . . . -
. flakes, they fall 1o earth, replenishing the oceans, § = = because_many rivers flow into the ocean, the ocean ..
_Yivets, sifeams, ponds, lakes and:ground water, ends up 'contéki\'ﬁng___mgre_saft; than_ any individuak,. '

ol I}\b-cytle ontintes
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4" -are totally:deperident upon waterfor.su

- . - - ‘ I_I_-__
- h

. Thus, matine educztion is really ‘concerned v thali
7 of the earth's,
- . phys_i‘:alr

_"qter,"*f:esh"%nd “galt” and all the
_qhemical_and geological processes,
- associated. with. this water world-as well as-all the
e _qontained;within jit. But, also, and perhaps more
" impotfantly; marine education looks at an ['earth of
T water.” Photegtaphs-of vur e rth sexft back from
_ Sphce revealed our planet-t be Irqlb_—a water .
-' planet. All the “blue” areas on the garth .constitute
- ¥ ‘narly 75% of its surfiste; water & what makes
= earth unique among all the planets og tHe ‘l'splar '
. sf'y_siem, and one of the chief reasons vhy wehave Ii{e[
~ “ug;we Know it on garth. '

_x;—*iW_E xed, then, the mann< education focuses on

- T many aspecis of water — the interrelationships.

within-the “water- world” as well as the idea of an,
“earth.of water.” But the-concept of the “world of

_water" extends evén further to-a c_qnsidyratior\of
how humaty beings and all oyr fellowJand« .~
oraariisms ate “connected to-this worldsE

«Eirst, we
ival; our

- Kodieg e composed,pf.over 65% walex; we.can

r live for, months-without fpod, but:enly a’je\h}ags .
 * yithou wafer. In addition,:we have aich heritedg. -
" of wateferelated:activifies: the world of wafer has” . -
beén-used:b ‘»hur'nansIfor’-.fd"éd.‘trah&pqﬂpﬁ -

biishing 2 saltwater- quarium in“your : ;

- classrodm _n:‘?‘?lidif_ﬁiu“iéfld;ﬁ_l_i_ﬂl_l’ii_;iﬁck?;_-byfi! e LT
-a:a,ti;'_alsﬁzba-vew;féwa.idiﬁsiahﬂi_alpbmffu! teachin a e
@lé;fﬁé-'ﬁ‘mcthﬂﬁl}“tﬁchf@“‘iﬁ would answer |\ - ‘ R Y
fany-of your guestions: The activites are from-.

yrthe e England:Marine. Education; unit::-~

e _SboiréiBéfoire?
ickaround_ .

"1t Containg:goed rocky shore |
 plants-and

- infocmation; drawings of. maring.plants ar
and:extensive material on sea st -field trips
rickding resource:people and sites. -~ © 7

dﬁiﬁ&éﬁfﬁléedéd: SooTe T L
turofoam: coolar, aerator, pump and-plastic. tube,
beach sand and rocks. °

. fsga_wfa[_tet ,.5%a creatures,
Method:*
~ Yqur;aquarium

added for

hinges: ~< - . &

-~

an‘il'ﬂa’ 5,

\-

]
¥
v

‘s

tank will be simply a.s!ﬁif_ol,oam .

pitnts cooler. with several strips of filament tape ™ L

commerce, en produttion, industry, minerals, *
oil-and gas, military pr tection, adventure,. ,», -
recreation and artistic igpiration. Qur connections®
tothe world of water rul deep and extend far-back
into the roots of our past &s asspecies anq_a$_a. .
civilization... ..~ : L - )

'- ) : --: - ) LY

The goals E.s_n'd_ objgctiiréﬁ_df -r'narine educa‘tiotil. ate’, '~

to teach about'these many aspecis of the world of

. water. According to

American marine educator, marine and ‘aquatic -

« education is “that part of the-total educational” ~* *, .=

¢ process which ena les people to dévélop.a 1" - '
sensitivity to anda gemeral | '
rolg of the se asand-fresh wa F in_human-affairs
and the jmpact of society on the marine and aquati¢
environinents." It ¥ our pwpos? v creating this.
., guideto help you, as feacher, begin tohelpyou -~
> students.to develop that sensitivity and ..

A

-

- = _understanding of hich.Goodwin spepks. - e .

* * R CL V- ._;""__- 2T -
‘Goodiin, Harald L. An Introducilon fo Marine . -
Educaiion: To Inform Américans f bout the-Worldof .

" Delaward Sea Grant College Progra

A Delaware,
;. College of Marine $it dies; Newark; e

Harold Goodwin, a.leading N

nderstandingof the -~ ~ -

. Wafer (Qraft for cpmmem).j’ublishqu_lhe Uifp_c‘e.r_sity-of y -
wversity;
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+ position for future-reference. .”

The only other modifjcétion needed is a hole which
you can punch in the top of the cooler with a
shaip pencil. You can prepare your aguariim at
beachside as you collect your classroom creatures.
First, your will need some coarse sand, enough to-
cover the bottorfr8f thie cooler, to a depth of three
or feur centimeters. You should add twe or three
rocks about the size of your fist. Next, “fill” the
cooler with sea wat< : to a position about four
centimeters* below the place where top fits into the
cooler. You may waht to scratch a line at your filt

- -.\'-. . , .
* With Sand and rocks in place you can begin to

collect creatures. This shauld be done at low tide
and of course in a location where you have
permission to collect. Local ordinances of state
regulations during a “red tide” period may prohibit
taking certain species, especially clams and
mussels. A good collection for a cooler aquarium
might be two or three large snails or welks, a half
dozen sthall snails or periwinnles, two or three very
small green crabs, several clusters of six to ten
mussels which often come attached to rocks (keep
them together) and one or two of eachaf the other
living creatures you happen to see. The rule for &
kegping things alive Jater in the.classroom is by
keeping,a few creatures and replacing them as they
die or are eaten. - «

A cooler aquarium as described above with
naturally cold sea water will last overnight in the

trunk f your car without furtheg coaling or \

aerating. To be on the safeside you could add a
er or
carefully sealed plastic bag of ice’cubes as coolant.
Never put freshwater ice directly into your
aquarium, foe

Once you have arrived home, put the plastic tubing -

onto your aeration pump and insert the tube
through the top into the water. yo’eigh the tube
under rocks below the sand surface. Be careful,
howevet, not to crush the end of the tube wath the~
rocks. Each day check the temperature of watet in

‘the aquarium. It should stay between four and ten

degrees celsius {40-50°F). Bagged ice or sealed
bottles of frozen water gi" do the trick. Send the
aquarium home with trained volunteer students
over vacation peiods for appropriate maintenance.

To maintzin your aguarium, you will have tokeep
the salinity ot sait content of the tank stable. When
you first fill the aquariurm, mark the water level °
with a scratch mark on'the tank. The densify of
the water in the aquarium is important and can be
checked with a hydrometer (auailable at a pet store
or you can make one from the trraation in letier
“E."). It should show a reading of 1825 when
natural seawater is filling the aquarium. As_water
evaporates and the salt concentration in the tank

rises, pure water should be added to return the ™ -._

original vater level mark. Any salt accumulating on
the-edge of the glass should be scraped off the
sides and returned to the tank. Tap water should

oLy

A

°

set 6uernight, uncovered, to removed chlorine
before it is added to the tank.

The starfish and crabs can be fed with frozen
clams. Turtle food and fish food may be added to
the water to provide nourishment for mussels and
smallfish. For a while y8®may try an experiment
of adding a few exira mussels and small fish. In thts

" more natura! sltuation, crabs and starftsh will find their

,

\

- T

own dinners. You and yotlr students will have the :,

opportunity to watch crabs and starfish opening the
mussels. The small fish will “clean up” after the crabs
are finished.

Ttere are a few simple steps to remember for a
suczcessful aquarium: .. &

1. Usé natural seawater and maintain a constant
water lgvel.

2. Keep the water temperature low. If you need
to reduce the temperature in your tank, float
ice cubes in plastic bags or containers. Never
add ice cubes directly to the water. Also,
avoid rapid,temperature changes. The range
is 4 to 10 °C.

. Keep the water well aerated.

*»

. Do net overcrowd yot:r aquarium.

5. Find out which animals are voracious
predators. You may want to isolate these.

. Feed your animals regularly and remove,ali
uneaten food or dead animals to-prevent
fouling.

. To avoid excess evaporation, keep the top on
the aquarium “cooler” covered when not in
classroom use.

=l

8.

Specimens can be obtained from sciene Supply
" houses, but is often less expensive and.more
interesting to make your own collections. You can
‘expect to find mollusks, crabs of various species,
‘starfish, small marine fish, snajls. barnacles, *
anemones and urchins, fo name.a few. Around a
jetty or a rocky beach at low tide is the best place

to look and cbllect. Collect various types of
seaweed To enhance the attractiveness of the
aquarium. You probably will not need any
suppiemental fighting unless you vant to support
several species of the green algae. The -
predominant red and brown seaweeds do fing with,—
regular fluorescent or incandescent light from your
ordinary lighting. If you want to work with seaweed
(maring.algae) extensively you should keep an
a«ql.eatrilﬁrall just for plants. An interesting alternative
is*to press seaweed for an atiractivé display.

Keep the aquarium out of direct sunlight. .

Science Supply Houses In Qur Region
There are many fine biological materials
-eompanies. Several in our region can supply
regional-specimens with quick tu¥n around time,
often by telephcire-orders.

LN

Vgl
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.- Berkshire Blological " 5. Using liter pitchers, determine the capacity of
%4%Flac);ence Road . . 7 your aguanum.
0. Box 404 ¢ }
Florence, Massachusetts 01060 RN 2o,
. (413) 5866149 ' Art Activity:
- T Many dried sea creatures especially starfish,
Cennecticut Valley Biological Supply Company :
scallops, sea urching and sand dollars that have - -
e MiasoaC husells 01073 interesfing but flat sides can be used to pint with.
- (800) 6287748 One method is to spread ink liberally on a-board
- with a mbeger ink roller a’}lali.‘lable from craft shops. ™
. + aye The ure is to “ink” the dried creature and
Science Activities to be Used presspﬁmo unglazed paper. For interesting and
" with Your Saltwater Aquaritm creﬁtiue effects a variety of colofrs' of ink _canThbe used
' C ith interesti ts of creatu tru
1. What are the reqyirements of the plants selected? ﬁ'eatﬁeeﬁ] &fm?ﬁnﬁ ?:I-otlr'ne;en:g:'nls aend Y
Determine predator-prey. relationships of the use proc to sponsor field trips. A variety of inks
animals selected for-1 'aquaerti;.;m._ How do these and paint €an be used. For starters VOF might try .
organisms fif into thé food web? Make a chart . Pilikan En DeChm 17 Black.
1llustranng the ;ofé ihe animals and plants in vour tkan Encre ¢ ¢ . .
aquarium play in the'food web. This serves as a Fish can also be used to mef- ThlS,DTOGGSS Is
classroom bulletin board cf. . ribed and illustrated in letter (. as weil as e
good bu proje described and illustrated in letter C il as tn th
ST ' NNEMEP units called-What Adventures Can T
2. Stopeeding the aquarium anm'lnals frozen bgfd You' Have in Wetlands, Lakes, Pondsand  ___ | =
us:;?s‘:lgtl:le aq"a“;u'{t' with a large supply Puddies? and Do You Know Our Marine Fish? .
serye Tedults, - ST
- Resources; | L
3. Sneculate upon or dBbrary researg:hfon the Bower, Carol E. Keeping a Marine Aquanum A
effect a varation of the salt content ¢ th‘? , Guide for Teachers. The Children’s Museum of
. ta;uar;um water would have on’the aquarium’s . Halxitford Connecicut, 19?5 Well- orgamzed and
, lenants 0 ' wellwritien. e
4 Small clear plastic coniamers from the meat ) King, John M. and Kelley, Willlam E Manne :
_\market (about 10 x-1Q x 10 centimeters) make Agquariams: Principles and Practices. Aquarium "
S?ue dg:f:::‘a'a::’“"; :I?Tnatl}fhr:nc?!fddy t"igng;’iwe ‘Shyslegns, llnc dAn e):cel}ent 25-page booklet -

a ractical . —_— .. -
smaller parts of creatures up close. To avoid coretical and practic L. -
disruption of your aquarium, you may want to Miget, Russel. How to'Set Up and Maintain A - o
keep ™ five gallon.'jerry can” of seawater in Saltwater Aguarium. Publication No. TAMU- 1/ Vo

. the refrigerator to fill your observation - §G —81-504 Marine Information Service, Sea Grant ' :
lt:t;nLamers Stamiessksieel c?c{ be:t% plastic College Program, Texas A & M University, College o
itchen strainers make ‘aood catching gear. * Station. T 77843, LT
You might want to use the observation form . aflon, Texas 774 ! .z
"My Special Critter” from the pocket to help The Northern New England Marlne Educapon i
students concentrate. Rroject publishés a Marine Education Infusion Unit b
. ) entitled Hfl.we z’ou 1Been to ti:!'e Shore Before? , -
; wvitios’ which deals in detail with seashore planis and
:{‘angu:g:dAf::wh'es'mai £ daily animal:. Thisdancli :snh‘ml:ﬁ products of NNEMEP are i
ave each student keep a journal o described under letter 14..
observations of the plant or animal of his choice. . | 5
‘The journal may be picture or script, dependiigon - t _
age level. N : T
o~ ) ) = r J.‘: - -“;-;
Math Activities: * /& :

1._Record, chart or graph the life épan of the
different animals in the aquanum

2. Record chart or graph the growth of any amrnals
of plants which can be measured.

3. Measure the water temperature, Graph the B " - E
femperatures over time. - L SLaLuE

4. Record periodscof greater or fesser animal . - . '
activity. Graph in relation to time of day, penods L ] z
-of days or imonths of year, . v e "
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-_ each vessel should be recorded on the blackboard

ey ,.Mi'.v TR . 1 i M g

. 1s for Boatbulldmg

“Once upon a time not long ago, three generations
of Maine craftsmen wrought from raw pine, oak,
pitch and iron the worthiest, most appealing saifing
ships the world had yet seen. With one eye to
commerce and one {o nature, they built vessels
that deflected harsh forces to human purposes and
“aftained a level of art in the process. Not :
ovemlghr. but ong keel, one mast, one good sh:p afa
time,”

— Author unknown--~— -~ ———--

Boat building is an important part of our state's
history and your students’ heritage. Many fine
resources exist for all ages of leamers, and a few of
ﬁner ones are listed in this section.

One of the most pleasant and_exciting ways to put

Cheering for a favorite shou'd be encoﬁraggd ’
within reasonable limits. You may want to hold this
part of thé activity outdoors in good: weather.

Keep the win, place and show vessels and have
their designers sketch their designs on the board.

n Dlscuss possible reasons for success. Class reading

“on vessel design could follow. Most good
engydlopedias have Hllustrations. After the library-is -
picked-clean for ideas, your class would beneﬁt

from-running'the contest agam,

- “This idea-is also used-in-the NNEMEP urit, What
is Our Maritime Heritage? which also cogj,ams
other boat design activities,and bibliograptiies.
More ideas on clay boats carre found in the ESS,
unit by that narme {sEe’Resources section).

your youngsters in touch with this living tradition i s "

~-{o_visit a boat builder. We do recommiend, thatif~
- you'rélucky-enough:to afford -a-field- tnp, Jou
enrich its values with pre- and post-trip lessons. D
be sensitive to a vard's point of v -v that time is
money and appreaate that you u..y be a costly
mterruptlon

Q

‘A guide listing numerous boat yards was prepared
by John F. Battick, Department of History,
University of Maine at Orono. The auide is found
in'the NNEMEP Unit, What is-Our Maritime
Heritage?

Sink-it, A Tragic Activity

Tf you can or even if you can not visit a boatyard
or maritime museum vou may want your class to
engage in the great sinkiit contest. In this contest,
size number one paper clips are used as boat
passenaers and boats are designed and fashioned
from modeling clay. To be fair, students should
iweigh out the same:amount of clay. Twenty five
arams works just fine. While the contest works well
in small containers such as photograph developing
trays or bread loaf pans, a child's wading pool can
_be used simultaneously by the whole class. .

Contestanis should havé a few minutes to fashlon

their clay vessels. Each!contestant should be given
a handful of paperclips, and, at the signal, claps are
added one by one. The numberof clips to just sink

~ Resources-

The Maine Maritime Museum s Apprenticeshop at
Bath has produced some elegant niatenials over theH
la§t few years. Under the direction of Lance Lee,
three monographs produced with the support of -
the National Endowment for the Humanities, might
serve as an inspiration for you. They are free. A

pamphlet, Half-Modelling, with templates on thick { ‘L

stock paper is also aua:fable For {hls there is a~
small charge.

Your students would also enjoy:

Michael ann‘ the Mary Day by Harry W Smith

{published in Camden, by Downeast, 1979)

Any of the Elijah Kellogg's Elm Island stories,
published in Boston by Lothrop; Lee, and Shepard
and Company, if you_can-obtain {hem, written one
hol:lndred years ago, wil appeal to many. youths
today:. -

Lion Ben of Elm Isfand Volume 1, 1871
Chariie BeH, The Waif af Eim lslami Volume2
' The Ark of Eim Island, Volume 3, 1869,

" The Boy Famlers af Elm Island, Volume 4,
1869.

The Yaung Shipbuﬂders of Elm lsland
Volume 5, 1870

-




The Hard-Scrabble of Elm Isfand, Volume 6,
. 1873, _ el

The Elemen{ary Scnence Studu (ESS) mt for

concept of buoyancy. It is very popular with
children because of its manjpulative nature —
and the magic of playing with water. It is

- available from the Webster Division, McGraw-
Hill Book Company, New York, 1969.

. s

One falrly easily done acmnly rela{ed to :
commercial fish is using a fish scale to determine
abproximate age. Fish, like trees, grow faster
duririg warmner seasons where more nutrients are
available. Fish scales are easily obtained from a
sports fisherman of from the fish market. Remove
scales from the midsec:ion of e fish and count
fines out from the center. These lines represent o
colder seasons. In general, each line represents one
winter and hence the total number of lines provides
a rough estimate of the age of the fish. In the
" pocket is a sketch drawn from a scale of a six year
old striped bass caught in the Penobscot River,
You can make an overhead transparency of the
’sketch and then do the aging activity with your
. whole clasg or you can use the transparency to
= introduce the process apd then have teams of

- students count lines on-different scales of the same -

ﬁsh Older studen{s gan. make Odla tables and

ability to work with teachers andyschools in
nlanning curriculum and setting up programs.a,

- Clay Boats is excelleht as an mtroduction to the "~ _

The Deparlmen. of Mar.ne ‘?esources has ihg .

The State of Maine maintains its own boat:

" building school at Washington'County Vocational

Technical Institatg at the Maririe Vocational ™ -
Center, Eastport, Maine. Write for a school

. catalog to:

* Washington County Vocational Techmcal School
Calais, Maine ’ -
04619 : ST

averaging to arrive at the bestguess at the ageof -
the fish, e

Scales can be prepared in several ways. They can
be placed between two glass microscope slides and
then the ends can be taped together to prevent the.
scale from drying and-cutling up. \liewing scal

can be done with a standard’ mIQOSCOPB on low
power, or with a binocular or “stereo” microscope.
These are easier for youngsters and usually only
have low power. The scale can also be projected
with a mncropro;ector.

Teachers who mount their own 35mm
photographic slides may be familiar with glass slide
mbunts. Scales can be mounted between glass
slide mounts and then can be projected in the
same Way as any Smm shde.

N - Good countmg!, ) IR .

There is é speaker service wﬂh shde presentaho s
which can be taflored to your particular needs. I
Pubhcaﬁons for use by teachers, which are free/of

*EKC e ——

wll Toxt Provided by ERIC
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charge, are abundant in the DMR library, as are

. many. technical research reports for further study

_;E l{lc

wll Toxt Provided by ERIC

interest of teacher background material.

Lorraine Stubbs is the Marine Science Educator

who will be happy to assist you with these services.

She can be contacted at the following address:

Lorraing L. Stubbs

Pepartment of Marine Resources

State House, Station 21 - .
Augusta, Maine 04333

(207) 2892291

Slide Presentations, Other Media and

Equipment
The Gui'f of Maine

Lobsfer Sfrde Show
Herring Slide Series

Field Tn';; ta a Rocky Shore {either seCt;;ldary
or elerenlary school)

Marine Cargers
Marine Worms
_Research Films
The Anadromous Fish Project .
Fishing Equipfhent and Methods o,

Other: Se: up visils to an aquarium, Research
Lab of DMR or B:gefow Lab

Teacher Background N
This backdround information is edlt_ed Jrom the
repor! of the Penobscol Watershed study, ard is

reproduced here with permission of the Universily
of Maine at Orono Office of Waler Resources.

A map of the lower Penobsco! Watershed i is
prowded in the packel.

The Penobscot estuary extends frorn the head bf
lide at Bangor, south 52 -km to Searsport Thq .
estuary from Bangor to Bucksport flows is a
narrow basin v° & a mean (average) width of 1.9
km. The mean depth of the estuary basin is,9 m,
with maximum depth of 26 m. The surface area is

Ll oo '
T

’ L} ,
' The F'sheslgf the Rocky Shore

Ms. Stubbs personal!y narrates these ar\d’can
adapt to any K-12 grade level. She often brings
‘hands-on materials as part of the presentation,
angd answers students’ questions. .

Materials of Special Interest to Teachers.
The American Lobster Unit 13
The Atlgntic Herring  Uriit 14
Tha Stegmer Clam  Unit 15

extensive teacher background material,-. g
numerous illustrative aids on descnphon of
fishery, good bibliography, upperclass arades

-

Information Sheets for Teachers and Students
The Estuary |
The Sturacon

Biography of Food from the Sea
nutrition information, descr:pl:on ustration,
preparation of species such as clams, cod, crab,
haddock, pre- and post-tests, adaptable to-
middle & upper grades

Fxshenes lnformation on ather specigs of
interest
habitat, life cycle, ftshery research’information

with 1llustrations Request by the species’ name. .

Wide variety of materials dealing with Coastal
and Marine fopics.

- 96 kn‘l2 wllh a vo!ume of 849 million m?® at mean
low water. Mean high water at Bangor is 4.0 m
above sea level, and mean high water at Bucksport

T is 34 m,

At the base of the Bangor dam is o large pooi
which appears relatively clean but is slightly turbid
due tq the violent mixing that occurs from the
water spilling over the dam. The. pool stays open
vear round and in the winter harbors several )
hundred waterfowl. A moderate amount of algae
and submerged vegetation grow in the pool.

From the poot to the end of the area there are
_ several coves, tidal flats and areas of extensive tidal
marsh. Physma]ly_, the Penooscol estuarp is .

SRR i TV
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partially mixed or moderately stratified or zoned by
salt concentration. In this type of estuary the
salinity increases both with depth asid proximity to
the ocean. The partial rmxing has i ant
biological implications because pollutants;-in
addition to the salt concentration, are udequally
distributed throughout the water colushin,

Oceanographers report salinity in parls pett
thousand (%) rather than percentage {%) or parts_
per hundred. Typical "salt” water in the Gulf of
Maine is 34%0 or 3.4%. This is approximately
equivalent to a quarter teaspoormr.of salt to a liter

- {or a teaspoon of salt per gallon) of water."

The salinity increases from surface.to bﬁttgm. .
Salinity zont¥ vary according to the rivers’ ™ .
discharae. During low flow, the tidal influence is felt
further up the estuary and the higher salt content
water extends much further up than during peak
{low. Based on a classic-mid-1960's study by
Haefner, salinity zones were determiried as follows.
The fresh-water stretch (0-5%) began at the
Bangor Dam and extend~d a distance of 3 km to
18 km downstream. The dligaline region (.6-3%o)
extenided beyond the freshwater section a, distance
of 3 to-1Qkmi. The mesohaline region-(3.1-17%a) |
reached as far upstream as Hampden and as far
downstream as Bucksport. The polyhaline region
{17.1-30%.0) was the largest region. It could extend
upstream beyond the Winterport Marina and
almost extended downstr-m beyond Verona

Estuary Sahmty Dxagram

Fresh Water
0-5'%0

-'OIiga!ine
6-3%0
a little salt

Mesohaline
3.1-17%;
middle salt,

....

=l Polyhaline
1?.1 d 30%
‘much solt

arr L aa

-+ 73 Marine or salt water
30 % -

-

H

L]

+

Sa

P

Ty T

-

Island. Marine water greater than .30 o Was
observed only as far upstream as Bucksport. Due
to a large degree of stratification in lhel polyhaline
region above 25 %o, marine water was never
observed in surface samples. From these salinity
observations a high degree of stratification is noted
in the lower estuary (downstream from the region
under consideration), considerable mixing occurs ,
between Verona Island and-Bald Hill Cove, and
near uniform conditions exist at the head of the
estuary. L <« o

. Incomplete mixing of freshwater flowing over the
surface of denser seawater forms a stable brackish
layer. This sudden inctease in density is known as
the pycnoctine. In the Penobscot estuary, this
pycnochine usually extended upstream to y
Buckspori. However, during low. flow it extended as
far upstream as the mouth of the Mavsh- River. The

pycnocline has considerable significancein -

analyzing the pollution of the estuary. Wastes
discharged at the water surface above the
pycnocline will not penetrate-this density gradient.
Consequently, two conditions result. The -
pycnocline protects the estauary bottom from .-
poilution, but also reduces the volume available for
wasfe dlluhon T

Temperature prof les closely apgroxtmal ed densrty

observations, Pelow Bucksport, cohr;mderab]e
vertical variation in temperatire was noted
However above this point the uerh-:,:il temperature
variation seldom exceeded 2°C PA

The viater in the: Penobscot is prouuded y more
than 500 lakes and ponds_ and about a thqusand

streams, Some of these arise in rocky bartens on -

the highest sfopes of Mt. Katahdin; others,jwith
dark, stained water, begin as the dramage rom- -
small moss-covered bogs. Some.streams flaw from
subterranean streams that break-out af the|surface: -

as crystal ciear springs. Fach-eventually co tnbutes )

to the character of lhe nuerand the qualxty of 1ls
Watet'. __ - - --, '? S R -__. - . A

In addlhon to the.aatural SUbstances carfie 1nto -

the main stream, people add other_matetials.
Timber hatvesting, ;:onstruchon, farming, - domestic
and industrial- I-sewage, impoundments, chanftels -
and similar factors change the.character of the -
watershed and upset the natural nuttiert balance,
resulting in increaszd siltation; modify water] - -
'emperature decrease w‘xiettransparency od i m a
host of nther ways, change the tiver, - :

A riveris not an mdependent entity. It is an -
integral- part of a watershed that supplies it With
water, nutrients, organisms, energy and peoples _
mytiad of p\_ﬂn ants. ]

Anadromom fishas have been the most lmportant
species using the lower Penobscot River. Several .
thousand Atlantic ‘salmon strearms and many’

tributaries dwindled following constraction jof dams

that blocks ﬁsh passage to many of lhe sp
grounds

wn:ng

18“‘ - ¢




—-_ _/'I

-

Today, due to dame partially or totally blocking
passage-and poliution causing areas of low
dissolved oxyfien in the estuary, none of the
species are of commercial value in the estuary. By
_1870’s, the only commercial fishery ir ‘he
Penofscot Estuary was for-eels. Appsoximately
150Q pourids per week were taken by three-
fishérmen from June to Seplember 1971, A few
alewives still run in the river, but none reportedly
are taken commercially. Atlantic Sea- Run Salmon
have returned to spawn in the watershed and are
--sought today by sportsmen and women from the
Bangor Rool all the way to the Veazie Dam,
Striped bass also occur and are occasionally takéfi
by sport fishermen. Current, unpublished, data
indicate little commurcial activity in the river except
a limited crab fishery below Bucksport.

Students can col]ect and analyze the approxlmate
salinity of esiuanne water very easnly using home
Tnade equspment Water for testing can be collected
from bridges or by pleasure boaters. Water can be
placed into clean stoppered “jui¢e” bottles and kept
for years. Salt determination will not change the
water. Do not allow student to collect water from the
banks of thewiver both for the very severe chance of
drowning and because near shore samples are very
_ unrepreggniat:ye

Sampie Bottie stopper line
{ (20 tb. test
foop of- nylon fish line
 brassfring. r heauier}

soda bottle -

o
o

As the stopper is removed under water it miust be :
securely. connected to the body of the bottle by a T
meter lopg slack line and a non-Glosing loop or .
better a brass ring. - -~

The bo!tle is a kind of remote,opening collector’
that allows you to collect well below the surface. ),
Lower it gently. When you argsure.it is at the
proper depth a sharp tug on the line will pullout , __ _
the stopper which will @atch on the loop or ring
and the bottle will be secured by the line as it fills
and is removed. Be sure your point ofline
attachment is well above the center point of the
bottle or it will.spill ifs contents as )}Dl.l pull it-out of
the water. :

P

Tﬁhyour bottle in'a bath tub or better in a_ -
ming pool to be sure it will sink easily when .
filled with ar (if not add more lead)andthat it both f'lls .
with water and returns filled after a shhrp tugon’
the line. \. Lo A

The activity pﬁocedure can have your class test
water gathered at various depths or at various

locations along. the estuary. Use local resources for

palnfed white or Ilght colors The penClIs wlll

wide cooperation in obtaining many different = .
samples. Be sure egihals labeled specnﬁcally as. io S

_ where it was collecte o e

To test your water samples you w:ll need afew - - - -
new wooden pencils with evaser ends. preferably

Pencu' Hydrometer _ T -

-

Cpl]echng botiles can be soda boitles with ]ead
- sheet added for ballast. Attach the sheet with
tubing clamps and finish the device off with a
rubber stopper with a nail through it, Use a one
hole stopper {you can get one of the proper size
from your local chemistry teacher) and thread
your heary nylon fish line through the stopper with
a heavy needle. This line is used to remove the
sfopper ancl also reirleve the boﬂle. s

“

: qsm'iﬂit_i,i marks in %or-*

- _ : LN DT

-—tall, 1hin glass jar-.> ~ - . :-__:f-f

s —fhumb tack )
A B L e

e L

become hy(Lroméiers with the addition of a_t:ht.inéb

tack into the eraser, The hydrometer is a floatin
measurer. That is, liquids that are light (less dende) = .
will allow the hydrometer to float lower whereas .
_ heavy liquids (more dense) push the penctl .. F
* hydrometer up higher. The device is used by &
placing the standard of somparison or the liquid to
be measured into a cleac tall container. The

hydrometer is then addzd and the read:ng is n:lacie o




dependmg on how far the pencd sinks. When you
start,-you-will need-to-be sure-that your_pencil
does not bottam out in tap.water nor float
sidevsays in your.most concentrated sample of salt
vaater. . _

. You shou!d have your class make sait solutions for
. comparison and mark off their hydrometers in %e
o salt gn the side of each"with water proof pens.

T Pencils are highly variable so each needs to be

. individually checked for floating/sinking ab:llty after
its eraser end is weighted with a thumbiack.

. Students should make up salt §olut|ons by werghmg

. salt it grams and measuring water in Jiters. A one

: " part per thousand (1%} solution has one gram

. perliter of tap water Make standards every five

" 4 9%, from zero through 40 %o. This will provide
your.class much needed practiCe in metric
measurement. One set of standards for your class
issufficient: A box-of salt will be all that you will
need to purchase in addition to pencils and-
thumbtacks. Scrounging at hom‘é will provlde the
nun.ergus Jugs and “olwe jars.”

. Thigeactivity can be-Sltended te include a detailed
study of the salimty of any es*uary ﬁ'lcludmg all of

Teacher Advance Pl’éparatlon‘ S
_Thls lesson could.be taught by itself or extended

“into.a content umt with.the’ help of resources listed
below.-The life cycle is shown-inthe fimstrip A
Right to-Survive. The life cycle an¢ body-parts
drawings and question. worksheets could be
transferred to master sheets for student use. A
poster size drawing-of the body, made in advance,

: 'would be usefui

_Objectlves' ’

The student can briefly state the life cyele of the
salmon. The student ¢an draw and label the _
external features of salmon. r

= * Method:-
77 "The teacher could review the hfe cycle and tatk

’

about the bod9 paris (one v.ay for young children,

- -Salar Looks in the Mirror is suggested below).
-Students-could name the-paris on the worksheet,

our major rivers or any small tidal stream. The
larger the river or stream thé more distan.e there
should be befween collecting sites: Students can
compare such daia a's what fish are reported to be
caught near collecting sites or what plants grow
- near shore. Shore bird life is also likely 1o change

with salinify since the species of worms, snails, and

. mollusks they eat are likely to be limited to certain
‘zones by salt content.

,People’s attitudes towards the river may also

<hange as the “local” water becomes saltier or
more marine. If you study the Penobscot estuary,
_you can use the Lower Penobscot River Area Map
provided in the pockef.as an overhead
transparency tc make a large map of the region for
wall display. Ytungsters can trace from the
projected transparency directly onto large sheets
or rolls of paper. As you corclude your study you
may wish to have an “open house” for parents or

{or the scHool-to-show off yourmaps.and.charts._..

along with the data you collected ana the ‘
inferences yau. have made. Classes living distances
_frbm fidal rivers or Strearis might’ arrange te
exchange water sample., with a 8 more- coastal”
commumty .

and take a qunz or two The salmon qunz and parts
dxagrams are in the pocket ready for reproducnon

Salar Looks in: the Mtrror

m good sized with average weight of 13 to 20
kilograms, though 1 can reach 85 kilograms.

Alter bemg in the ocean two years I rmght reach ?5
fo 82 cenhmeters in length P

1f Pmfa fresh
back. If I am a mature Inale and in_fresh water, 1 |
become mottled 'walh a darker back and am a dull

brotwnish red. As a_maturg male, ] alfo havean = - - -
elongated jaw with a hook at the hp of my lower ot

jaw‘ L R
lama fema]e, Iam dull glay in co!or
_ Now, Iel’s sce— not toti bad lookmg at that. ln
___‘[0_ - e r- - - =

n-salman, | am. snlvery w:th a darker i
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fact, ]‘m rather handsonie! But 1 don’t look like a
fish. What o T-need? Please help me look Ilke a
~--*-fish: What-do-{ need?- - -

Students suggested a caudal ﬁn Thls and other

parts were made from construction paper and

_taped on'a volunteer. Other necessary paris wete’

eve, glll cover, scales and the other fing (adean,
. dorsal, ana! ventral and pectoral).

Though I am-able . s find the rwemf my blrth by
the magrelic field of the earth, by the stars ‘and

sun, by ocean currents and by thg sense of smell,
I can't count and don't really know how old I am.

However, people can te!l my age, They can count

. ne rings on my scales. This is'something like )
counting the rings on a tree to tell how old it is. -
The rlngs on scales leILothe)‘ things too. ‘

_ nurnibér of scales does not change? These solid,

- —circular-plates grow-along with"me. They will also_ _
-tell you my periods of slew growth in the winter or
" in poor'feed situations and my spurts of fast
growth in the summer, Tn fact, my life history s
recorded on these scaies Worksheet — drawing of

-Salar,— students 1abe| diffetent partsof the
. Atlantlg Salmon al} c,heck work together:

L The. above lessoryis one of many for ‘the teacher
_ interested in the,rilmg of the fishes. Several fine ~
resources are available and easy. to obtain. A
number of books for young readers are well
worlhwhlle

Dlllon Wallace Salmon, Chicago: Follett
Publ:shmg/Co 1962,

. and Sﬁ'eams, Halifax: Nova Scotia Museum, 1974..

We I‘lighly recomm:end the learnmg raterials from
the jntemahonal Atlantic Salmon Foundation for
us¢ in secondary classrooms. These materials,
entitled Salar: The Story of the Atlantic’
Salmon lnclude the followmg

A6 page bodk: -which looks at the Allantxc
.= . . Salmon through the perspectives of-history,
A _ geography and science. The book, available in
A hard or soft covet contains over 80 ‘pictures (40
" in full'color) as well as many- maps, charls
- graphs and drg._,rams

" A color ﬁlmstnp with. arcompanymg scnpt and

- cassette tape entitled: A Right to Survive.-The -
fllrnstnp -and tape comiplements the-book.and -
covers the life cycle of:the Atlantic Salmon, the
effects of man on the species and conseruahon
efforts. ‘

A Sa!ar simulation game whlch fealures a
joumey through the life cycle of the Atlantic
Salr_non. -

A leacher’s gﬁde which has been nképaréd by
) teachers who have used the materfals in Easterid
©" Canada and Northeastern United States. . .

-_Gllhen John The Fishes of Nova Scoha sLakes

————— —POBox 429~ ——~ - b

Did you know thit no matter how large | grow, the

 ~The'State-of Maine Department-of Inland Fisheries —— — -

o Augusta, Malne-04333 ; _-_\‘

_Atlantic Salmon Kit; it 1|_'_|¢;Iu_d63 _Ie:a_‘[eis for student

These materials are available by writing:
The Iriternational Salmon Foundatzon -

St. Andrews, New Brunswzca T
Canada EOG 250 .- ) RN
or: - : -

100 Park Avenue o o -
New Yark New York 1001'? e -

Hayes, WIH About the B:ggest Salmion. Chlcago.
Melmont Publishing Inz:, Chlcago 1961 . N

_ Phelege, Fred. Re Tag Cqmes Back. New Yorkf

Wooding, FH Can a’s Aﬂuntrc Sa!mon. ) ;_-""
QO1ttawa: Department of Fisheries, 1962. )

And any of the many fine chlldren s books on
oceans, rivers, and fishes. -

and Wildlife offers: information-on -the-Maine

Atlantic Sea Run Commission in Bangorand - -
repnnls of articles: which have appeared over the - « -
years in the- Departments publlcallon, Mame F:sh T
and Wfdhfe. Wirite tor i T

Maine: Departme nl of Inland F‘shenes and
. Wildlife -

The'Flsherles and Env;ronmeni Deparlmentof the_ .
Canadian Governmient provideés:a series-of - - - .- -

Fisheries Fact Sheets; the oné on The-Atlanfic™ | © -
Salmon is useful.:It may’be obtamed from L avE

The North Americatalmon. Re‘searcﬁ Center R
St. Andrews, New Brunswlcl{ _
- Canada EOG 2X0 :

They also offer publlcanons on the1r genetn:s and
culture program. - The vesearch center is a - .
cooperative-program of the government-of Canada, D
the International Atlantic Salmon Foundahon and
Hunlsman Marine Laboratory e

Excellt nt resources are avaﬂabla from

e

The Inlemallonal Atlantlc Salmon Foundahon

100 Parlk Avenue .
~ New York, New York 1001'? L
-'__'or'-.- S
Bok 29" .- T
_ St.-Andrews, New B wick
Canar:lar EOG 2X0 :j )
They 1nclu dea claqsroo it SALAR mntalmng 30

copies of Salar: The Story. of the. Atlantic - (‘ & f
Salmon,-5 copies-of games —The Salar-Life -

Cycle Game, 1 filmstrip/cassette, and a teacher’s-
gulde."The unit s rultidisciplirary and parts: may-
be purchased separately. It is planned for grades 7-..
9 but may_be successfully geared for younger,
learners, For Grades 5-6, the Foundation offers ihe .




use (covenqg 8 major “salmon topics), tw@board
~ games and several word games, posters and a 20

Answers, to Safar qu.z
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page teacher’s guide. Also. available, a small L yedd . .
_booklef Atlantic Salmon Facts. These maferials are- ~2:-700-800-eggs — — * - - -
- superb and highly recommended: 3. alebin -~ - ,’ _
4 parr - - [
Answers to Atlantic Salmon ‘5. forked il ]
" Worksheets - . . 6 smolt S J
1. -b-estuary _ 7. kelt :
1. achpose fin 2. c-geveral times 8. grilse . - ’ !
2. dorsalfin_ . 3. agriise - ’ 9. long, hooked. j
\3. Jateralline 4. ‘a-grave] bottom 10. .pollution,.over- !
. 4. gilfcover - 5. bilateral line fishing, dams without !
-8, petoralfins . 6. cscales | . ladders = - - ;
6, ventral fins 7. cscales - “11.-gill net, trap - Do
- 7.7 anus 8. a-migrate v 2. regulations, - !
8, analfin 9. a-spawning hatcheries, ~ - = . !
9. caudalfin 10. a2 - * fishways .. ,f
- s ' . ) + T
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1. Femalesdepascr ?Meggsperpoundofhgr -
weight tnnest. These are fertilized by male. ]
Female covers eags with rubble. Spowning occurs

" ja October fo November and harchmg taka p!ace
n Apn'l' or May SR

i Gala=T

" ®

Mevin .

Aboul 2 cenfimeters Iaqg Feed on yol

from which fhey were harcﬁed Remar
Fry - B
58 cen(:merers Begms f {'w:m to srrerrm

" Feedson mrcmscopac mareyul in warer

‘:5""
,l'.n
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§77  Enters river to spawn May to chober Adult does
nof eaf in fresh waler. When redd (spawning area)
is reached, female uses body, tail, and fins to

make hale inrsand or gravel for eggs.

T rth red dofs behueen each pair gn::
- s:des. Forﬁ’ fari d:snngu:shes it kum brock ;Erour.

Smolt  fio = '

Changes 1o beautiful 'silver color which will protect -
schoo.[" Usua!!y 2- 4 years ofd

1224 cenhmefers Marks and ted spols d:sappear. . -

) it in its lifé; of sea. Leaves the river in Ma,v m'June e




Periods of glaciation, or active erosion and -
deposition by huge masses of ice, have occufred
from time to time in geologic history. The first L3
greaf ice sheets which left their record in the rocks *
were formed in the Pre-Cambrian; but, because of
the long tifne span since the early ice masses
‘relted, most of the record of their distribfition and
extent has been removed..

In Permjan or late Pennsylvanian time, much of

the southern hemisphere was covered with ice in
probably the greatest period of glaciation the world
has experienced. Much of the record of this ice ~ -
_advance remain~ as mute testimony to the
endurance of glacial deposits,

%~ Much miore recently, in the Pleistocene ending |
' - about-12,000 b.p., most of Europe, northern_ -
- . Russia, Canada, and the northern"United States -
..~ - "were subjected to intense gliciation. The effects
-7 . .. arewell preserved in surface deposits, and the fast ~
. Tetreat of the ice masses was 5o recent that many
. students of the subject feel we should not consider
~ ‘our present existance as postglacial; but rather as
-occurring between ice advances, I

--. -~ Any area-where the amount of precipitation. - -
- ~ireezing’ira‘ year. exceeds the amount of melting
-will be the site of glaciation.if the excess continues
" longenough. The ice sheet which develops erodes
~ indiscriminately. Uhlike wind, water, ‘and waves,
which are delicately selective ip materials they

o erode, ice masses make no distinction between
i _ _ _resistance of &Eéerials or their structural y
] relationships, ‘Fhk advance of_ah ice sheet may be

: compared with the advance of a mighty bulldozer:;
-~ what can not be moved-bodily can be driven over

" the sides and bottoms of the ice massand ™~

T deposited many miles away, Besides the immediate
- erosional and' deposifional effééts, roritinental  ~
glaclation may have far-reaching repercussions, It s

.- estimated:that the water tied up'in ice-duriri the - .
O ast great glacial epoch must have resulted ina

« world wide lowe:;mg of ‘sea levels éméuntfﬁg to

~ Maine,” from the.continen

.and subjected to attack from above, _ . o S
‘The main erosivereffect of a continental ice mass e
_is, thas, a rounding off of hills;_and a subduing of F;e]d_‘.’l"ﬂp toa - Lo
topography: Sfream patterns become deranged o S Frratic °

- with many valleys filled and new ones formed. -~ Stone wa" and Errailc
Immense'quantiifes of material are picked up along Objectivesy - -+ 7 -
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perhaps 600 fget. Streams all over the world must
have been rejuvenated by the increase in their
gradient. - ¢

Near home, another secoridary effect of the last
glaciation-was -a-noticeable -down-warping bf-the
cfust where.the ice. mass adds to it§ weight. The
surface’may-have been depressed several hundred
feet, and has only-half teturned 1o its former - -+
position >The yesuilt is .jltla:f_ the Maine.coast is a
shoreline of submergence withadeep water .
_immediately off the continentd! shelf and the -

. formation of a large inland sea, “the Guif of .

tal slope j_nland for about.

200 miles to share, .~ . -~ |
4 o
— t’ LI N | . N
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s To study ih'e'_rock_fypes_ in any stone wall.
¢ To examine for strige. . .

e I'o make students aware of how they were put there, .

* To show how farmers have been effected by |
dlaciation, .. - T Tt : S
287To show why Maitie has limited top sofl . ..




. Preparation:

a find a suitable rock wall preferably with, .alarge

S erratic nearby.

b. Allter cbtaining permission to study the wa’l fam
liarize yourself with the immediate area. © -

Activities: ve

a. Photograph the trip.
b. Observe the area. note the families of rock i the
wall.- .

. ¢, Note the mineral composition of the roek.
-~ 'd.'Have students make note of anysigns of glaciation..

-e.. Examine carefully the erratlcs

' Field Trip Follow-up; _ __

a. Show pictures or slides of the field trip andJet the

+ sludents discuss or write a story about ii.

- Roche mouton

_b. Have students discuss how glactation ha affected
the lives of geople that have lived in.Maine (e.g.
from the-precontact period to present day). -

¢. How were erratics probably carne'd or moved by &

 the glaciers?

" d. Would the area visited by the field trip have any-
remote similarity to the way some of the bottom of

the Gulf of Maine may look?
(Encoura e a discussion on the*terin “Lobiter
Bottom - . &

Have s'udenls reflect on where olher erratics  may
‘be found.”
f. Have students look
- data on erratics,
eskers, etc. . /

p other facts and pertment
Jraines, “Lobster Bottom,”

Map Study Exercise
Objectives:
o To study the possible paths of glacial'ice, A

i

¢ To show the affect of changing sea levels in Mame. -

* To show how glac:atlon has affected Mai e s
Coastline.
@ Tostudy the affect of glaciation on the Gulf of Maine.

v '

- Preparation: .~ - ]

a. Have students secure any humber of topographic
maps of the State of Maine, and the Gulf of Maine.

b. Have some stu dents secure some “State of Maine”
highway maps. |

¢. Obtain a number of co!ored penmls

Activities: - © . -

a. With colored pencll shade in aIl areas on themap
below the 200foot cbntbur level. {The approximate
level of the Gulf when the Gulf fi Iled up and ran

" back over the land. ) )
b. Study the general: elongat:on of most lakes, bays,___

_elc., and the direchon of mast of the Iarger rwers
and streams.- . |
c. Study the area ‘Where th? seashore would be if the
sea levels dropped 200 feet because the water was
locked in glacial ice,
d. Using contour levels as a gunde, determme the
- general shape of the floor of the Gulf of Maine. (Is it
fairly flat, full of submanpe canyons, mountainous,
etc,) . - . -

Direction ofglacfer '

N
4
-
\
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_ Mép Study Follow-up:
.a. Have students look up facts ap’c/I other pertinent
data on the topography of Mame and the Gulf of

_.._* Maine, _ e ]
b. Is there & relat!cnshap betwi n lhe 200 Mile Limit

and the depth-of the Gulf of Maine?
"¢ Istherea relationship betwkeri the type of bottom
and the type of fishing by/Maine fishermen?
— What are ‘Banks'?  /
*~ What are *Ledges’? § »

d. Is there evidence of glac:atlon and its direction on

i the map? .
e Woulc{the area in whfch you hue been affected by
rising'sea levels? _;' .
- /
E
. /’ R
aps IS
. Surficial Geologlq Maps and Reporls for Mamne
Critical Areas Program '
State Planning Office .
189 State Street ’ ’ :

ot 3

J 5. New England Intercollegrate Geologlcal

Conference Guidebook

A-3 Sedimentary and Slump Structures of
- - Central Maine =

B-3 Strat:graph}w and Structure of Central

aine

Department of Geology {

725 Commonwealth Avenue

Boston, Massachusetts 02214 s

6. Marine Chart of the Gulf of Maine: see lnformahon
at the end of Ielter Y (Yachl Race) -

. Films .

The Earth Beneath the Sea ‘ '
{McGraw-Hill/Lamont-Columbia) 1967.22 min, Color. :
Excellent example of film showing what scientists
really do — in this casge. deep ocean marine geologists,

"The Earth: Coastlmes .

((‘)orcnel) 1970, 11 min, Color. Explalns the role of

Augusla Maine 04333

Bedrock Geologlc Map #26 (B stin 1906, U G S

™

3 s in-the creation of sea terraces, cliffs,beaches
and nd bars. Also discusses coastlifes of sub

mergence and emergence o
Maine- Geologlcal Survey The Earth: Its.Oceans
' Department of Conservation ., {Coronet 960 12V ain, Color, Examlnes currents,
- ~ AMHI Ray Building sea bottom fopography, sediments, waves, tides,and -

Augusta Maine 04333

o)

man's relationship to the sea. Earth science oriented.

T0pograph1c Maps

1).S. Geological Survey

Reston, Virginia 22092 /

“ ! And most spo;\hng godds stores.

4 Maine Atlas d(ld Gazetter

Spends little time on sea life. Aua:lable from UMOfilm .

service (M1768)

\

+

How Level is Sea Level ..

:

(Encyclopedia Britannica) 1970, 13min. Color. Shows

various factors affecting level of lfkgceans — differ.

g Book Stores . b endes in sallnlty. temperature, air pressure and winds,
Most Maine stores _} . 0ceanography Science of the Sea . * V
(BFA) 11 min. Color. Th?lnslrumenls‘and techniques

LT
|

. River

i
|
:
t

Csgs

used to study the ocean and its floor are illustrated. -

+ Information gathered using this equipment describes -
- thephysical characteristics of the gcean ﬂoor and the
“earth’s history.

" What’s Under the Ocean-

(BFA) 14 min. Color. lllusirates the methods:equip-
—nienit; and vessels used to study the ocean and its
floor. Shows fealurcgs of the Atlanfic and Pacific

oceans. S

’

Dlstnbutors . L

Woods Hole Oceanographic lnst:tuhnn
woods Hole, MA 12543

‘Modern Talking Picture Sem ce
"2323 New Hyde Park Rd.
New Hyde Park, N.Y. 11040

UMO Film Sew:cps _
Instructional. Systems Center - ) '
Shibiles Hall* ~ = | .
University of Maine
Orono Maine 04469
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s for
Herltage of the Sea

. _time of the early European exploters and traders,
" Natwe Afhenicans travelled the coastal and wland

« 77 waterways of the state in buirch canoes and dug
nuts. The first white people arerlued in ships and
early colonmsts in the state came Jooking for lumber
with which to build .essels. Mane's finest hours in
lier history revolved around the age of sail when °
nearly.every coastal town was engaged in boat.’

" building #nd fishing and pradlically every iniand

) riverway saw log drives .E f the great lumbenng ,

operations of the nor:h woods. o

*Fortunately, a fair amounl of Maine's maritime .
herilage has been preseived in story, song ahd arti-
: fact. The Mame Marme Museum al Bath and the |
-~ Penobscot Marine Museurn at Searsport, house
excellent collections of models, navigational instru-
- wenits, ships logs, restorations and shipbuilding
tools. The Mamme State Museumnin Auvgusta has in
15 possession a sechion of the fully nigged ship St.
Mary, buli m Phippsburg in 1889-20 and wrecked
on the Falkland Islag ds‘[ﬁ 1890. The work songs of
sailors, called sea chanleys, have been collectedsby
people such as Jphanna Colcord in hep book
s . Songs of American Sailormen Comtemporary
: . Maine recording artists like Gordon Bok of .
Camiden and Bill Bonyun of Wesiport Island have
- put on record albums traditional-andnot-so-tradi
tional songs of the sca. {Bok's albums are available
from Folk Legacy Recordings, Sharonl Connect.
+ cut: Bonyun's from Heirloom Records Wiscasset,
Maine.) Traditional and modern sea Music,is the
. specialty of Schooner Fare, a tno Lonmbtmg of .
Chuck Romanoff. Steve Romanoff. and Tom Rowe.

.

“’“Mo
" ’.(

'

Mame has a proud marine herttage. Well before t! the .

Green Music Compa 0. Box 8012, Portland, T
Mg. 04104, Folklore ol 1né sea that has ‘been care |
fully collected and writtert down ¢an be found jn * 'f
such baoks as Charley York, Maine Coast™ .
Fisherman (written by Harold Clifford, published

by International Marine Publnshmg Lomﬁany.

Carnden, Maine). oo

Inquiries about their iﬁums should' go to Outer  _ b

¥ R \l .
. We should take-the dpportunity to celebrate Too0 Tl
3t Mane's colorful mariime heritage. In the following, -

) sections are just.a few ideas you can try. b
s L i - . -’_JJ“' .
- ' L e T i {

Scrimshaw . LT
During the long voyages, sailots would carve S Y
designs or scratch pictures into ﬂvhalebone asd o~
*pasfime. This is known as scrimghaw. Ustially o

. scrimshaw pictures were of what was dvailableto VT N

sketch; we therefore have a good idea of whal avy
saﬂnr’thought of and appreciated most 'dunng .

. thdse years at sea. Often pictures were of other © e
ships, sailors or the wives left at pofl. 'I'oc_izf!',-, o -
sctimshaw items are very ualu -

Since whales are protected by Us. law, new S
whalebone and whale products are not pertitted . h
into the country. Students may make some similgr -
scrimshaw items, under supervision. by Lhe fol-
lowinig process:

a. Thoroughly wash and clean smouth beef bones

ribs are good). . o s

3

b* Soak the bone in chlorne bleach for half hour to
bleach and disinfect :r Rlnse off. N




. firmly but carefully over entire piece to smear

- »

c. After the bone dries, Iighlly sanid it with fne sand
Ppaper in the direction of the grain,
d. With a pendl sketcha nautical scene on the borne. *
e. Using an artist's scribe or a sharpened nail, scratch
the desired image onto thevsurface of the bone.
Wear safev goggles and one glove for protection.
" during this procedure, -

f. Rub over the image with ink on a Q-tip G color in

- the.lines. The black should wipe off the
unscratched surface of the bone,

1

This project can also be done with the inside
surface of hard shell clams {quahogs) or witl
plasier of paris, as fcllows:

Mix plaster of paris with water. Drop small npcon-
fuls on wayx paper. When sulficiently hardened, <
remove from paper. These will be fairly round, Use
nail to sketch design — ship, whale, etc. If a
pendant is desired, carefully make a small hole at
the top with a nail. Use fine brush and black |
tempera paint to paint over lines of design. Rub |+

paint. String varn through hole for hanging, *

Weather Lore . .

_Predicting the weather while at sea has always

been of major importance {9 mariners. Over the
years, sayings, almost a foym of poetry, have been
handed down from one generation of sailors to

. @nother for use in predicting the weather. Try

- these saylngs as they apply to the weather in your
areavand s;mflhey hold true most of the time.

- Say:ng_ : Maeming
Wild Geese, Wild Geese  Sea birds, like geese and
. Gangin' Out to Sea gulls, tend tocomeinland
" All fine weather ~  when a storm is brewing
M v he, . or coming at sea. They =
~ “+  Treturn to the feeding .
_ grounds or.migration
. . “paths only when there is
- clear weather experted
. " e ot an exlenaed perlod of =
) time

Red sunsets g‘éﬁérallﬁ .
Sailor take wakning - predlcl fair, calmweather .
Red Sky at night, for-the following day, Red
Sailor's delight. *  sunrisés generally herald

Red Sky at mairmng.

a.coming change for the
worse in the day'® -
*, i weather. . - :
» MackerehSkies and Mackerel skys are alto $. =
Mare’s Tails cirrus clouds and mare’s

tails are cirrus clouds,
These formations herald
thunderstorms, rain and

Make. tall ships
Carry low 4ails.

wird, _
If clouds look as |f Cifrus clouds ora L
$g§atched by hen, streaked sky mdtcates
Gat ready to reef your . high winds and showers.
topsads then CL s :

The coast of Mame, some 5, 100 total kilometers
13,300 miles} of coves, bays ard peninsulas, is
fnnged with hundreds of large and small islands.
These islands are the remains of glacially deposited
rldges, parts of which were keft high and dry after
rising sea levels drowned out the lower areas.
‘foday some of these clouds are still uninha:-ited,
while islands like Mt. Desert are quite populated,
especially during the summer. Some, such as
Monhegan and Deer Isle, are important to Maine's
toirist trade; others have been sét aside for wild:
life preserves, such as Machias Seal Island

DA ' S
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. Many debates have risen over what should be done

to Maine’s is'laﬁds. Reviéw boards (such as lhe
Roard of Environmental Profedtion and the Land
Use Regulatien Cofnmisgion) are established to
help analyze the island resources and hand down

_ decisions, called orders; on the island's future.

" Thelr decisior.s are based on federal, state and
térritorial laws thaf regulate the lsland the potens,
tial environmental and econamical eﬁects that _
changes may have upon the island, and the useful.
ness the island.has to_the state. and local commu-
Rities in its present condu.on versus lhe proposed' )
condnion ~ 2T TR _ o
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Activity .

. Below is a description of White Cap Island off

. Maine's coast. White Cap Island is a hypothefical
island designed around several natural resources,
geology, shoreline types, ground water, soil types,
vegetation, wildlife and scenic value. This island i is .
being considered for some fype of developiient.

The following organizations have all expressed
interest in using the island.for their specific type of
development: Audubon sanctuary developers, artist
rolonies, seasonal campground developers, hatel/
resort developers, housing developers, fisheries
suilders, paper company foresters, and wildlife -
preservationists.

1. Pass out the description and maps of White Cab
Island given in the pocket section of this unit.

2. Establish an odd numbered review board to listert
to and decide upon the practicality of the above
organizations views. You, as teaclier, may decide
to be the review bba_rd and rate the students on

. their presentation. . _

3. Divide the class into aroups {1-4 to a group

* depending oft the size of the class) and assign each

. group the responsibility of presenting the views of
one of th# above organizations. You may decide to
make up or change.any organizations r.lepenr.ling

__upon the.mterests of the class

.o-._-\..

Jasper“Beach isa rocky shore area off the
Starboard Road in Machiasport. It is unique in -
Maine in that it is composed to some.extent of

. pure jasper stones. Jasper, a hame given to. the
mineral-chalzedony, a common form of quartz,
runs in shades of res} from light pink to almost
black. Those of you close by might havé the
opnortumty to take a field trip to Jasper Beach; it

-is-a beautiful and fascinating place to visit, Not only
gan-your students study the color varjations in the
jasper pebbles, but they can also learri some

- genergl principles of marine geology. Beach
-deposuts consist of hard mineral grains ranging in
size from the fine sand through pebbles, alb the way
to large cobbles. Because.the turbulence of the
=urf is great, the fine partlcles of siILand clay can:

4. Héu_e students complete the solubility of soils chart
below, placing descriptors (good, falr; pobr, very
poor) {or the quality and use of the seven types of
soils. Stydents can use this chart fohelpdetermine

. the potential use of the island. The different soil
typer ure given in the ‘Soil Types’ section in the
pocket section of this unit.

‘Solubility of Soils Chart

Houses  Recreation Wildemess? Sephe Privy
Souf * with  Cotiages  Tent sewage  unsealed
£, + « bosement withno siles disposol
basement -
2 -
3 b
. 4
- : ;
6
7 . !

5. Durmg a 1-2 hour session have cach group present
their views to the review board. Props (maps,
graph charts, plctures etcs are encouraged

6. Later that r.lay, or'in the near future, haue the
réview board give its decision. Discuss the rea-
*  soning behind the decision. What might have:been
 done r.hfferentlg'?'Wll}-ansL?orgamzahons want to
appeal the decumon" Wh LN

ngt accumulate on tﬁe beach but are carried off
shore where deeper, qmeter waters allow them to
settle. Examine the sizes of the Beach Heposits,
Where are the largest cobbles and pebbles located?
The smallest? Geneﬁaﬂy speaking, waves lose their
. energy as they travel up the beach and can onlyy
carry lightweight particles. However, stotm waves
will pick up larger rocks, transport them up the
beach face and leave them stranded as part of the
* “shingle beach.” The size of the particle is also
related to the slope of the'beach: fine sand forms
beaches with slopes of low angles; coarse sand
creates a steeper slope ‘while cobbles are respon-
sible for the Very steepest slope, How does the
slope of Jasper Beach appear to you? How does it

L3 2 ' compare “"th a Sandy beach" Nso no“cg the
18 L .. - N - .
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diusteations modified from Timson (1981

..
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beach cusps which develop parallel to wave motion.
These evolve as a series of U-shaped depressians
along the beach with “horns” pointing seaward. Cusps
* have longbeen a puzzlement to coastal geclogists and
none of the dozens of explanations as to their
-formation Is completely satisfying. Generally speaking,
" they seem to be the results of wave$ with energies
somewhere in between erosional and depositional. in
other words, when a wave does not have enough
. energy to erade the beach but has too much to deposit
sediménts¢it seems to form cusps.

/‘

f:‘xaggemted
Shore
Fa:':e '

General Beach Profile

beach -

-

winter surf zone -

“—summer profile

Since most of you using this guide will be unable to ‘.
Voo Jasper Beach with your students, fet us now take a
look at some ways you can study marine geology in

your classroom.

L3

¥

Activities
Begch Models

Have students make a clay model of the shoreline.
using the geologic map of Jagper Beach. in the -
pocket. Include some of the ocean hottom in the
model. Place the model in a sink or large dishpan
and add water-until the “oceati bottom” part of the
*  model is covered with water. This is how the

shoreline looks today. Next, pour out,all the water.
This is approximately how the shoreliné looked
when much of the ocean’s u.:aier was frozen into
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the glaciers of the Ice Ages. This is called an
emergent shoreiine. Finally add enough water to
cover some of the areas that are land today. This
is what might happen to sea level if the polar ice
caps melted and represents a submergent
shoreline. : )

P IEX
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To study how different sized particles are carried
by water, obtain a variety of sediments: clay, fine
grained sand, coarse grained sand, pebbles. Put
each size into a separate plastic dishpan, add water
to nearly the top of each pan and stir the sedi-
ments vigorously with wooden spoons or.sticks.
Have students time or observe how long it takes ,
for each size of particle to stop moving in the iR
water. You can See that as the water movement
loses energy, the larger particles “fall out” and stop
moving more rapidly than the smaller particles.

Erosion )
if you have a ripple tank in the Science Depart-
~ment &f Your school, you can set up a “beach” of
sand or pe“bles at one end and demonstrate the
effects of wave erosion. By using a variety of sizes
of sediments and waves generated, you can
demonstrate the relationships between wave
height, beach- sediment cize and erosion.

Some excellent resources.for upper high schbol
students that discuss geolozical processes on
beaches_are;

Bascom, Willard, Waves and Beaches. Science
Study Series, Anchor Books, Doubleday & Com-
pany, Inc. Garden City, New York, 1964.

Project COAST “Sea Floor Spreading” Activity
available on loan from Northern New England
Marine Education Project.

Ramsey, William, Chifford Phillips and Frank
Watenpaugh: Activities for Modern Earth
Science. Holt, Rinehart, & Winston, Inc. New
York, 1969. *

Scientific American. Conﬁne.nis Adriﬁ and I
Continents Aground. W.H. Freeman and Com-
pany. San Francisco, 1976. / -

Turekian, Karl K. Oceans. Foundations of Earth
Science Series, Prentice-Hall, Englewood Chifs,
New Jersey, 1968.
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This information is intended to fatniliarize students
with the major features of historic vessels parti
cularly sailing vessels. Included are a brief vocabu-
lary list, a description and an illustration for rigging
types. Our entry for K ends with a riagina activity.

Ship Termmol ogqy
oft; rear direction on, ship
beom: bteadth of ship
. boom: lowest wooden beam used in
' schooner rigging
bow: forwardmost part of ship
bowsprit: boomn extending from bow of vessel
cutwofer: where ship’s bow meets water
davits; small cranes from which lifeboats
" hang
Jorecastle: storage area in bow of vessel
mast (moin,
fore, mizzen). upright vertical poles from which
- sails hang .
port: left (directional)
sheer; horizontal curvature of a ship’s deck
spor; crosspiece from which sails hang
. from masts
sfarboard: right (directional)
stem: cutwater edge-of bow extending
from bow sprit to keel
-slern: rearmost portion ‘of vessel
yards: spars
windword: side of vessel the wind is hitting’
leeward: side of vessel not in path of wind
freeboard: amount of hull between deck and
" waterline
keel: midline of ship upon which rlbs are
fastened
oar: long rowing paddle for prope Ilmg
small craft p

About Sails and Rigging

. Not all sailing vessels were rigged in the same
manner. Specific sailing ships were designed fur
specific putposes, be it a Clipper ship, frmghtlno
Dowrieaster, ,or whaler.

“On sailing uessels the first mast, nearest the bow is

. A T

aﬂd Shlp Termmologv |

" the Jore most. The mast or masts followmg-are the

main mosts. The last mast on a vessel js the
mizzen most. . . .

Sail plans can designate over thlrty separate sails
on a single vessel, but we can classify sailing
vessels by the mast and yard arrangements (a -
yord is the wooden crosspiece from which-sails
hang on a mast). There are two major types of sail
plans; square rigs and schoconer rigs. Square rigs
are four-sided canvases (though not always exactly
square), schooner tigs are large triangular - '
canvases. The combinations of these rigs as they
are hung from the masts determme the type of
ship.

\}ot all sailing uessels were “shlps Ship rlggmg
implies that three or more masts must all be
square-rigged. Two masted vessels with square
rigging are called_ brigs. A vessel with at least three
masts, the fore and main masts squaré rigged, and
the mizzen mast schooner rigged, is a bork.-
Vessels with af least two masls, all of them
schooner rigaed, are simply. schooners, no matter
how large. Mast plans for variotis ‘:essels are gwen
in the pocket. T e
While not all sallmg vessels or steam bowered -

vessels are ship rigged, we still use this term “ship”

to iderttify most large u'essels as a conuen fence, A

!

Activity
Equip blocks of wood wlth various sall atrange:
ments similar to those’in the plcture Compare
how these riggings might be ysed on different size.
vessels for speed and manuyerability. Try modt

wind catches the salls? This Is called ballasting: -
Sailing ships wou_ld catry granite ballast to preuent

capsizing Try rigging sails to roller skates and vse - _ S
them in the parking ot on.windy days R

A good reference on sh:p models isc :
Weire, Harvey. Ship Models ond How io Budd
Them‘ Thomas Y meell Co., N.Y. 1973,

You will find more- activities of this sort in ih_e
NNEMEP Uhit, What Is Our Mant!me '

' H‘entage? T : o




15 for Longnude

md Lamude

The concepts of latitude and longitude were first
introduced to the world by the_Roman astronomer,
Ptolemy, about 150 -A.D. His contribution opened
up Roman geographic knowledge and enabled a
projection of the globe to be presented’in map
form, Ptolemy:-measured _latitude by noting the
angle the pole star makes with the vertical and
- . devised a primative way of measuring longitude
" v from the time required for sea voyages (see
Ptolemy’s Map). Captain James Cook
(1728-1770), was the first explorer to use proper
i instrimentation to determine long:tude and lati-
7.z . tude accurately-

r

N

Ptolemy’s Map

Smce the time of Ptolemy, Iocat.ons on earth have

" been specified by giving their longitude and

_ latitude. Globes are provided with a grid of

_-meridians, circles running north- soulh through ihe
_poles, and parallels, circles running east-west )
parallel to the equator. The Iong1tude is the angular
distance, east or west, from the prime meridian,

. which passes through the Rowal Observatory of

-=."  _Greenwich, England. The latitude is the angular

--+  distapce between the parallel and the equator. The
r?l dians and the equator are called great circles.

A great circle is formed by the intersection of the

- surface of the map with a plane passing through its

- Q@ ‘nter (see Globe Map) Paral!els other than the
EKC S
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equator, since their planes do not pass through the
center of the earth, havevémaller diameters. .
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Below is a scale that shows the latitude distances

# in kilometers and nautical miles, Since a dégree uf
latitude on earth always has the : same- length-- -
regardiess of the latitude, a n tor can use thls
- scale as a measure of length. Note-that since the
carth is slightly flattened at the poles and is not a
perfect sphere, a degree of latitude has a slightly
different length at different Iocahons.

. "Length of I“ Latitude
Latitude Kilometers - Nautical Miles
0 110.567 59,701
s 30 110:848 59.853
€0 111414 60.159
90 ~111.699- 60.313

The Mercator projectioh ié‘ ﬁs'ed as an equatorial _
projegtions which, in Gerardus Mercator's {1512-

1594 own words is simply “a new proportion and a L

new arrangement of the meridians with reference
to the parallels,” that is, a conventional grid. In 2
Mercator project, as.one moves toward the poles,
the s¢alé of the map keeps increasing. Sincé*at the -

33

pole a degree of longltude has zero Ienglh 'the _ .
2 L

-




_scale of the map there becomes infinile; therefore it
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g WRANE;ESSS Activities - ’
\1 \ a j‘ From the longitude and latitude exercise map
it M N 7 provided in the pocket section, have students label
| K / and number the degrees cf longitude and latitude.

Once labeled and numbered, students can drawin the
longitude and latitude parallel lines. Refer tolefterY in
this teacher guide for a chart of the Gulf of Maine that
.shows the values of the latitude (vertncaﬂy) and -
longitude {horizontally}). The mapis nowin the formof
a ‘grid’. Students should be able to locate different *

regions on the grid map(Cape Cod, Portland; Mount.

Desert lsland)
lafitude: (Caj
West Latitude; Portland 43°-44° North-La :lude
70°-71° West Latitude; Mount Desert Islan 44"-45"

using degrees of longltude "and

_ ) North Lahtude 68" 69" West Lat:tude)

~

s for Mdrmatmq
\ our Classroom |

This arrfcfe ongmaﬂy appeared in Current and
was reprinted with permission.

by Le_s Pi_cker and John Bt_tlzow

As staff members of marine education curriculum
projects, we often have teachers at workshops .
asking how they can make their own marine educa-
tion units. While there is no simple answer to this

. qguestion, it has occutred to us that some very
basic, simple procedures can be effectively used by
mferested teachets fo create excmng, meaningful
and educatlonally valuable marine education

_ expenences for youngsters.

The Major Obstacle T

The majority of teachers today recognize the need
for citizens to be informed about our world of
water. THese teachers, along with the ones who
become converis at WOrkshops, are unfailingly.
enthusiastic about aquatic education and its potan-
tial. Heére is an exciting, fascinating, and inherently
motivating topic for their students. One would have
to think awhile to come up with a topic of greater
significance for the future well-being of our water
__ planet. ~ -

Aal - A e AR dmm e me—hE ok e

Unfortunaiely, thas enthusla“m is soon dampened

L _':"- . Fea - - _23-

by what is initially- seen as.a- problem, Most --
elementary and non-science. trained. secondary
school teachers have little technical marine.
mformahon “They-see tliis as an obstacle

However, we have found it to. be more perceived
than real. Teachers can and do have the expertise
to design their own marine education units, ta:lored
for their own indmdual classes

A Deﬁmtmn of Terms
Thete are two terms which are bantered about \
nowadays. and should be deﬁned for our purposa.

Thé first is “multidisciplinary,” a concept as con-
fused-and mwunderstood as the word is long.
When we refer to a multidisciplinary unit, we
simply mean a.unit designed to include as many |
subject area disciplines as possible. For example, a
fifth gradz teacher. wishjng to do a unit on whales
would be pootly advised to eoncentrate on only the
biology of whales. Rather, s/he should draw’ upon
the wealth of information and actitwities associated.
with whales in att, musie, nterature, scietice, .
history, crafts, mathematics,-and so on. How to

_ accomplish this Is the bagis of this article. -~ -

The next term in need of def' ining is mfusion

od41°42° North Longitude, 70°713 -
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“The last thing on earth I need is another new
valid

clams and subsequently preparing them in a clam
chowder, the book is a natural fie-in fo¥a unit on

one, verbalized from Maine to Hawaii by elemen-
tary teachers pressured to improde their students’
- reading and math skills by one grade each year.

.. While we would be quick to point out the impor-

" . tance of marine education, it should not detract
from the 3 R's. Marine subjects should be taught
with fud emphasis toward accomplishing basic and
advanced skills. However, the means_by which
these skills can be accompllshed are varied. t.
we are suggeshng here is that marine theme$ be”
used as frequently as possible as the vehjcle for-

.accomplishing these skills. For example, reading
skills can be taught using marine related themes,
and craft activities to teach psychomotor skills can
'utlllze seaside materials, Literally hundreds of
marine activities aclua!ly dé exist in these and other
disciplines. This is wkat infusidn is: téaching your
regular courses with the cg:n]eclwes you wish, but
integrating them {ith a marine education theme
Put. another way, infusion allows you to achieve
your marlnatlng objectives while covering vour .

_'coursemm - *

To Begin
Let's start with a strong pomi' of most elementary
teachers in the United States: reading and litera-
ture. Coincidentally, these are the areas best suited
for marine-géducation infusion and the areas with
_the greatesl uarleiy of resoufce material auailable

#

’

The first step to designing a meamngful matine
education experience for your elementary school
youngsters.is fo select a book with a marine
setting, preferably one that is well known and/or
well reviewed. This could be a fiction book, suzh as
the ever popular books by Robert McCIoskey, ora
non-fiction book relating the story of an animali,
- plant, 6r natural area such as Grandma s Beach
":-Surprise by Ilka Llst . -

you-are feaching? is it interesting? Do#s it rein-
foree pgsitive humanizing ideals and marine awar e-

ness? Ask yourself these questions to*be sure you
have the book that will best meet the needs of
both you and the class.

The step ‘that naturally follows 15 to select a
. marine-related theme to tie in with the book. Thest
themes can be obvious o1 not so obvious ones.

For example, One Morning in Maine, a delightful
book for young readers by Robert McCioskey,
takes us through a day in the life of Sally, @ young
gir] who lives on a Maine island. A teacher doinga
social studies unit on different areas in the Uniled
States might wish to use this as representative of
the coastal northern New England’region A
teacher- might-also use fthe book-in

: dlfferences batween islands . and nsulas

Pt HOWeuer, other less obvious- uses are pcmible
-7 Q@ Since lhe book desc"bes Saily S father dlggmg

Iesson on the

J

" Read the book carefully Is it. suﬂable for the grade .

nutnnon_ﬁlﬁmiﬂy‘rmhowdermakmg—aeawy.

Another unltucan ‘be designed around a dental
health theme, as Sally’s loss f a tooth is a central
issue in the book. In fact, just such a unit has been
desugnecf and suc sfully tested th New England.

Of couirse, the above examples are just a few of
hundreds. Marine themes can be infused into the
basic skill areas of reading, wntlng and mathes
matics as readily as they can in supplemental
curriculum areas.

The Next Ingredient

After choosing both a book and a marine-related
theme, write down the title of your marine educa-
tion experience. Below that, list the book to be
used and the marine theme you selected.

" Next, list the ouicomes or learning cbjectives you l

2 R

_construchng)

hope your students will gain from the unit. It is
best fo keep these 51mple, direct, concisely staled,
and_measurable,' A$ you embelllsh your unit, you
can go back and. add add’llonal ones;

Once lhese are dofie; you' must demde on appro-

priate learning: ach\ntles which relate to- and:help: io - x

reinforce the learning’ objechues You wrote )
Teachers tell.us_that this is.offen éasier to do if.
your Jearning activities are divided iinto. traditional _
ones fi.e., reading, wnf' ng, spelling and Yistening) .
and actw'ty based ones (l e., o_ _ ingl _drawmg, _

With this list compleled go back over |t and ﬂesh
it out a bit. Elaborate on each activity With a few ~ _
key words, Can any of the fraditional ones be’
accomplished with more student involvement? Can
the spelling list be used as a game? Is the sentence-
structure achwly better carried out'as a small -
group activity? This is also the pomt at wﬁlcn
audfo wsual aids should beadded _
Inuoluement - R
Your list of actm:hes is falrly comp!el but no

ter how broa activity area you'have

red, your students ‘will still consider you the

expert in the daily classroom  environment. So

you need to broaden your-outlook: Look at your -
communlly, school, fown, county. Are there people
you can invite into "class? How. abdout a field trip?
There are probably people, both old and young, -
who have ex er_ience_.in some aspect of your unit,
who can explain, demonstrate, lead a field trip; ot
provide specimens or skills. Perhaps there is an
older citizen who still remembers how to make -

(fishing nets, or a merchant marine tficer who has

been {0 the country you are studying, These
people are what make'a unit come alive. Whom
can you contact? The list is endless and varies -
from locale to locaIekHere 15 a sample of people ]
who aregood bets. ) T

County Extenston Agents
Comrrumty Busmesspersons

-




-

o Jo build a trap and rig it. Ly

Q

O -

A

Marine Advisory Service Agents - .
Medical Personnel

 Commercial Fishers . .

Pr pose some “what if.,.” questions fordlscussmn _ R

, or debate. We have seen first graders handle these
q estions, sitting in a circle, with a serfousness and

Marine Historians
Senior Citizens
" Authors
Craftspeople
Photographers
.Folksingers
Poets :
Folklorists
Coast. Guard: Personnel
—Elvers

Itis 1mportanf to obtain an interesting and'
interested resource persoh. You should call and

b

-
‘.// Evaluation

H

arrange a time to meet with him/her first. Explain .
what you want. Ask the resource person for !
his/her ideas. It is better to shorf-cizcuit an /

%f

mper_ad!ggclassroom disaster at this stage, rather
than thirty minutes into the fiasco. Remember that

a resource person is best usedto. demonstrate hls]
her skills. Few resource persons are comfortable in !
the roie of lecturer. But poets can help students ,,'
write poe etry or a lobsterer can show the class how;

T

ntegrai:on . of
Nowhere is the expressmn “No man is an Bland?
more approprr e thanin cu mculum developme
In today’s world>no subject.can or should be //
studied in isolation. This is partlculaﬂy true of
marine education with jts economic, scientific,
political, and social lmplicahons v

What is needed in your unit, then, is integratjon.
Look over your fresnly e¥panded unit. Are there
opportunities to integrate other subject ar?s into”
H? Instead of a spelling list,.can you integrafe a
_poelyy-wrifing or Ianguage ris expenencef How
about askmg a poetin for help? =~ . - -;/

1f your unit Involves reading a book on'a‘child’s
discoveries about ocean life, integrate a,science
experiencelong the same Imes A booir that
involves a ship insome way is a natural lead to =~
historical fhaterial on ships. Most ele}nentaw :
school teachers'do not needto be told the impor. -
tance-of integrating art and music e;:penences into
any learning unit- In this regard, there are literally
-thousands of marine-related songs ahd skits for
elementary school children, In the art.area, simple
materials-can: be used to create fairly complex con-
structlons by students as young as kmdergartners

Values
“Teaching is valuing,” accordmg to -an old maxim.
Whether a teacher agrees with this generalization
or not, giving students the chance to clarifytheir
values toward the aquasphere is critical. This is -
what allows a good marine education unit to
become a great learning experlenc e

-

Near the end of the unit, allow your sludents time
to discuss the learning experience as i pertains to
thelr new Rnowledge of the worfd of wat et -

i {enmtyﬂmhﬁmng—ef-coursﬁhe-drscusmo.. :

|Eself is a language arts activity and a ' mearfthgful
ne at that. However, more: impoytantly, it gives

Eoth students znd you the chance to think of the-,

/ ater world in a personal, internal way. Tt allows

f ;students a-chance to compare with-their peers. .~

fttheir_ values and feelings about the water world and

 to realize their-future roles as guardlans of the well -
/ being of our water- planel Do e s

r”l i = -

With the unit now completed it is essential that L
you prepare a method for evaluation. This need = .. . =
not be a formal, objective test evaluation. Often, -l
particularly for the lower elemeniary grade
s‘ldents a 5|mple project or_series of vezbal

responses is adequale

i teacher aides cr uolunteers are used, allow lhem__.__.'
the opportunity ta evaluate the unit.. thout a-
"'method of evaluation, it is difficult to assess lhe .o
success of-even the- best planned-units of instrue- - - -
fion. Then sit aowh immediately -afterward and: ::

plan revisions for'the next tlme you w:II leach the

- urnt . o L
~ - - - - L - E = s - . -

A Final Word ' o Tl LT
One last word of advice. Teachers ofien work fn a .
vacuum, needlessly feeling alond with their needs. . _ -
as they construct a curriculum. Marine egducation is
an excellent-way for teachiers to work ingroups on- - - %
these problems. Generate-an idea; share % with- - - -
your colleagues, and work together to design-an S
effective learning experience. Marinating your class-
rooims can be as m ch fun for you as it for your
sfudentsl L Noee -
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is for No rthern New’Endand
Marme qucatlon Pro;ect

- Smce its |nceptson in August of 19?7 the Northern
New England Marine Education Project {NNEMEP)
of the Universi¢- of Maine at Orono (UMO) has
enjoyed grant support from National Sea Ggant as
seed money to develop, trial test and revise a
series of feachers’ resource guides for general
marine education. NNEMEP was begun in

. response to a general concern bemg felt at'the
_ national level, but especially crifical in coastal

.. states where marine resource development and
ecchomic growth have long lain dormant..

- Presenﬂy, the major purpose of the Northern New
‘England Marine Education Pro;ecl is_to produce.

" éducation materials with a marine foci for use by

_ classroom teachers of Maine and New Hampshire.
In 1981 and again in 1982, the National Science
Foundation providéd funds for édifing and dissemi-
nating more of these infusion units especially for

mlddle and junlor ‘highschool use,

o ne education units which were deueloped
"+ -in this pfogram are infended to be innovative and

muylti-disciplinary. The units are innovative in that
they are designed to be usec?*by classroom
.teachers as they are teachmg within their standard
disciplines and grade lave) objectives. That js, these
units do-not constitute a separate course 6‘1’
instruction, -but are intended fo infuse matine -
. “topics into the study of standard school subjects.
.- . -The-following are%ane[ descriptions of the updated
- units.-These were speclf‘ cally designed for grades
5.9 but can be used ina wide variety of grades and
setimgs

T, Haue You Been, to the Shore quoreﬂs acom-

prehensive study guide to the Maine and New
Hampshire coastline. The teacher backaround
materials describe the rocky shore, the sandy
shore, the muddy shore and the shingle beach

~ and explains where marine plants and animals
may be found. Numerous study suggestions and
iliuslraﬁon re. provided for the mast common
marine plants and animals, Directions for estab-
lishing a marine aquarium are provided. Activity
procedures deal with science, language arts,
mathematics and art aréas of study. Museums,

) .. field study sites and a list of resource persons.

Q

cornplete the: umt.
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2. Whatis Our-MarEtime Heritage? was designed
fo familiarize teachers and students with our
heritage of ships and their importance to us
today. Sections on maritime-history, boat con-
struction, the baslcs of sailing and Northern New -
- England shups anctshipping are found in the.

" teacherbackground guide. Classroom-activities
_are designed to introduce students to the, parts
" of a vessel, fan sailing, chanties, making scrim-
shaw, and buuldtng a model walking beam .
engine, Teacher Resource and Places to Visit
sections are intended to aid teachers interested _
in expandmg ihe knowledge of o’ur marmrne
hemage h Ccay T e

3. How do Peop!e Use L:gﬁthouses and
Navigational Charts? is an NNEMEP unit
interded to heip students learn vicariously about
the shape of the sea,.and.its coasts and
contours by studying navigational ‘charts, the
maps of the sea, navigational aids, the road
signs of the sea, lighthouses and navigation,
Teacher resources, annotated bibliography, and
places to visit sections complement an exfensive
classroom activity section which ranges from
lighthouse characteristics and chart symbolsto a
log writinig exercise and: "The Challenge of Head
Harbor Passade” game. A pocket séction con-
tairis many useful charfs, tables, and hghthouse
“skeiches that instructors may easxly copy for
classwm use. Co

.\.L

4, What Aduentures Can You Haue n-o -
Wetlands; Lakes, Ponds and Puddles? has a
special purpose to make available teacher-tested
ideas and, activities for classroom and field ttip
use to wet environments. The teacher-back-
$eound' information provides & guide to puddles,

tlands, streams, lakes and ponds. Activitias m
_ the classrgom cover a marsh food web, making
" good use of the fitm- mdium, and creating an
aesthetic classroom environment. Stream
exploration and a puddle study aro_und the .
school site are two of the field activities
described in this guide. Teacher resources, an
annotated bibliography and pocket sections are
aleo included in this unit, plus an énnotated ﬁ!rn

- ography sectlon - _

e S ——
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‘5. Is Our Food Future in the Sea? is a unit on
~ aquaculture and sea farming that seeks to intro
duce teachers and students to the biology,
ecoriormics, and gastronomics of sea farming,
espec:ally ofshellﬁsh Among the organisms dis-
cussed in the teacher backaround section are
the blue mussel, the oyster, finfish farming, the
lobster and the marine algae. Classroom activi

-

ties include eating mussels, a crustacean study, _ __ .

an aquaculture equipment, mussel dissection,
water and nutrient passage in mussels and “the

. World Oyster Company Game.” An elaborate
teacher resource section concludes fhis unit
with bibliographies, supply houses, and organiza
tional resources. -

6. Do You Know Our Marine Fishes? is the unit
aimed at makirig people more &ware of the

- marine fish in the waters off the Notthern New

England coast. The marine fish and their many
relationshins to the environment and people are
presented wn the unit. Activities_ included are
aimed at personalizing the different. aspects of
marine fish to the student The teacher back-
grourid describes the major fish types, b:ology,
commercial, and recreational aspects of marine
fish. In the activities section creative Writing,
literature, home economics, art, biology, and.
eventhe “Troller-man” game. are among the

_ proyects mcluded and desmned to encourage :

T sor b b of e ond.
notttein New England — Race Point, Cape Ann,
Cape Elizabeth, Femaquid, Point, Schoodic Point,

looks séchward not at the
Atlantic Ocean but at the Gulf of Maine. From
those ends of land, with hathing in view but the

“sea, the Allantic Ocean begins nearly 200 miles
begyond the horizon.

The distinction between aulf-and ocean is real, and
as we learn.more abouf ocearr evolution,

dynamics, and prodtctivity, the dislinctio_n )
becomes profound and significant. The Guif o}
Maine differs from the Atlantic Ocean in its geo
logical history, temperatures, color, sa!t content,
physical processes, and living communities; all

- o these change abruplly as its seaivard boundaries

F KC are crossed "

~ From _th(_-?__Aut_hor_s_ !\’_ote _

i e

. Understand.ng our own ocean is an intportant part' .

of your enmronrnent profoundl

-

+

student learning. The unit is completed.by
pocket materials that assist in the actraties and
awareness of marine fish. .

7. Do You Know ourManne Algae? unit prou:des

teachers and students with ap overall look at

marine plant life. The backgtound information |

covers marine alaae classification, reproduction, o

-econornics, history, culture, and_nutrition, while . __.-__}

several activities are also provided enabllng g

students to work with marine plants in the class- |

room and field. The contents ef the pocket . ] i
|
]

section provide teachers with many useable
diagrams, guides, games, recipes and tables that
will greatly ease the teaching process.

8. What are the ABC's of Matine Education?is a
collection of teacher background information . .
and classroom activities illustrating instructional - .i
iechnlqu..s and resources deallng with coastal |
issues. Amonag the twenty-six topics discussed T
are “1 is for Islands,” “L-is for Longitude and ,
Latltude > and “T is Tor Tldes "

Other ac P;gmes and services performed by
NNEMEP include local workshops, consulting and
summer courses (usualiy three weeks in duly). An
order blank is aiven in the pocket for the units. If
you have need for other mformahon wrlie to the
pro;ect dlrector

of deueloplng marine Ilteratgvsludents This inland
sea is more populated with valuable marine life

than any other large body of water onvour entire
water planet,.For your own background and for .
use with secondary school students, we strongly o
recommend Sp_en;:er_&pol_lonio's 1978 book, The Do
Gulf of Maine. 1t is one of those exciting and rare . - :
pieces of writing that can change your perception

The book is btlef wellwritten and covers the -
critical factors. — geography, geological structure,
geological history, geological evolutioh, water flow,
mixing, salinity, and ¢urrents. The critical demands . .
on the fisheries, od,_a_nd mineral wealth of the Gulf
of Maine compe! a areater understanding of it by ..
Ihe citizenty ope‘oday and tornorrow The book\

ag Lo
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costs $3.95 and is available from Courier of Maine whole sidg of a gyml) showing general water depth,
. - -

Books, One Park Drive, Rockland, Maine 04841, rivers frétn which fresh water enters, thetwo™
Aftér reading it gou will be better equipped to plan chahnels connecting the-Gulf tothe océan, bays,

oo b T .estuaries, underwater basins, and banks. To do
# ?:t:ﬁlgtg} L};eMrg;:g ﬁ;?::::‘ }'ﬁs?;f;s ;glgcg rh; te this you could utilize navigational charts and illu.-
- : : ; P ' gtrations in the book su(:!': as the one reproduced . _

hydrology, oceanography, and coastal issues. One _here. Younger students snigh? make three-dimen-

?u?sgieégm! follows and many, many othersthatare .~ ;o 2l representations.of the Gul showing basins, -
- possible. .~ o w oz shoals, water depth, and Canyons usingggand - 7
o “our students tould make a huge map of the Gulf =~ “tadle, modeling clay, of paplerimache. =
- R | C T Maine covering the wall of a'classroom (orthe == . = . a0 e TR
LA W E LS L S LY S Coonne Dl R




1o oo v .
“The-presence of puddies off the school ground}.s or
nearby lands c2n open up many hew areas of
o aquatic adventures. A puddle is.a shallow, tem-
_ porary collection of rainwater that may last from a
few hours to several weeks. The duration of
o .the puddle depends 6n the texture of the land-  °
=+ Lwhere ft is formed and the rate of evaporation for
. the surrounding area. Heavy rains or inelting snow
usuaﬂy prqceeds the forn’uahon of a puddle .

"The numbersdf classroom and field actwrlbes lhat
-~ " "focus'upon puddles and their inhabitors is ‘endless.
A class can study the different water cycles deve.
loping from the sky to the school’s roof, intoythe
drampipes, gutters and gullies, can foﬂow it mto a
S stream, river, puddle, or lake. A discussion of the
Vo problems present in-h wét environment can begin
Ea around this kind of study and be exte,nded to those
particular aquatic problems seen in your commu-
hity: gafe drinking water, clean rivers and streams,
>~ the'importance of aquatig Jife in.the food chain, or
an ouerall look af your. comrm.!mtu s water cyde

= Often, hundreds of small plants and animals can be
... .7 -found thriving in puddles. This isan excellent .
op;i&lumty for students to investigate the different
_ organisms, their metabolism {growth.and develop
" ment) and reproductive methods. One common
insect 10 the-Maine/New Hampshire area is the

InSects’of the order Hemiptera (hemaplera means
““half wing")’ are. the true bugs that hre usually
found humg in or near the water,

N "ﬁae batk swimmer is offen abundant in New
i England’s stagnant pools. Its ocack ig dull, yellowsh
T white and its front side is a dark brown or black.
As the name sugagests this organism swims on its -
.. lightcolared back and, when viewed from gbove,
" the only cqlor seen by observers is the dark
“colored front. This true bug is from 1.0 to 1.5 cm
long and“has a boat shaped, streamlined bady. The
hing pair, of legs is used for Swimming. Back ~
#  swimmers will bite if disturbed (a non-poisonous
sting) and for this reason water nets should be
'used to safer capgjre lhese or@msms _

-

~ Bems_:, {ess dénse than water, thg back swurnmers
re rnam at lhe" water'’s surface unless thev propel
[ KC e _ )

back swimmer (Notonecta, order Hemiptera). .. <

L

LY

' thethselves downward with rowing movements of .

* by the class on a field trip. Fill the jars with pond - L

. Piace a ,small amouut af sand in lhe bottom of each

their widely spread, ‘car-like hind'legs. The back =
swimmers are excellent*flyers. 7hey swarm, .

occasionally in large numbers, especially in autumn- <
when they seek other bodies of water, where.ihey Y |
will overwinter._ : S /

Incertyfn species it is lhe eqg rather than the ad.ult
t.hat overwinters, and 2ag deposits may last eight to -
nine months, The female-inserts her ega into water DR
plants with her piercing ovipositor {ega Iaymg L by
tube), or cemenis. them to the plants with viscous - g
fluid, The nymphs, which hatch afier three to six .
weeks; resemble the adults except they lack wings. = - - %
They mature, after five m_olls {sheddiwg of skin) in
five to six weeks. Back swimmers are predatory ~ ...
insects that capiure other aguatic insects - - - R
‘swimming in the upper water Iayers or other : ;
insects ihat have fallpmn ing. tijern dry with
o

ihelr strong, sharp!probos nout). . IR

Actwlty p

Back swimmers and p1ckle jar puddles o

Objective SRR

To create an indoor wet enwronment for observation .

and study. | L . ] . g

Materials: . ' S e
Several large glass jars with lids - .t -

A small amount of sand for each jar
Living plants and back swimmers collected from ° B
nearby ponds or puddies. R

&
Pro cedu re;

QObtain large g‘lass contalners for each amall group
of stutlents; three students toa jarisa workable
number, The lunch program in your school fmay. ** . .
have extra'fwo or lhree gallon Jars w;lh ds. ~ ..

Each jar will become lts owrg cfosed system. Pla.n E T
for one' period of creating the system. with ingre-
dients brought from home by students.or gathered

water leavmg several centimaters of.air af the top &
of the Jar, If tap watet is used, allow it 1o chlori: -
nate for forty-eight hours before Iwe organlsms are,

mtroducea - e :

N

=T /ﬁ, S

Q_-__: -
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- Lifecycle

of a Backswimmer.
1, Egg masses; 2: through 6.

ventral views of nymphal instars;
7. ventral and, 8. dorsal views
.of adult backswimmer.

w

pickle jar and allow it to settle. Add rooted aquatic
glants such as Elodea and flgating plants such as
ducaweed. Include one bacIstlmmer for eaci jar
and put the'lid. on tightly. Place the fars in an area
where surahght i avallable f5r several hours a day

Back swimmers eat other small, soft-bodied insects

common {o the area. They will also survive on the
_pre-packaged aquatic animal food available in pet
stores (i.e., turtle food).

Students can now observe this interesting and
quite activeinsect in its natural environment. You
may wish to have students keep a journal of their

o :.'thoughts and observahon over a long period of -

Ql.ahog Dassectton .

. The dissection of shellfish requires care because
-~ clams have few colored organs. There aré, .

" however, many things that:can be readily seen awd
"7 the observations made during mec!mn can serve
ST a8 the basis for discussion. Ie o

The dissection deals speccﬁcaliy with the Quahog
& reenaria mercenaria or the old name V_e__nus ]

4

. time. You may ask several thought-provoking
questions that sttudebts ‘can answer verbally, in -
their journals, or as_a take home assignment.,
Sample questions might refer to a.closed vs. open
system, those_food chains present in each pickle .
jar, the ecologlcal niches of the organisms, the
energy flow through the plckle far. puddle and the

« life history of the back swimmer, . . :

_ »For additional information on puddles see the -
Northern New England Marine Education Project”
(NNEMEP) unit entitled What Adventures Can
_You Have in Weﬂands, Lakes, Ponds and
Pudd!es? ST .

mercencma, but wzll apply equally well‘to many of

the other bivalves (oysiers, Ostrae edulis, Crass:o-
steria virginica; soft shel] clats, Mya annaer:es
mussels, Mytu'us edu!' is; and bay scallops, '
Aqufpecten)

The'clam should be opened and dlssectegl in salt
water -to reduce the damage to the gill and mantle
structures, and the initial cutting of the adductor

o muscle@reqvwesasharp knije For these Kaoo
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it Is sugdested that the teacher pr00|de'¥1udents ’
with precut specimens or allow two to three
animals for the student to “practice, on” prior to
<tarting the dissection. The problem with bivalve
dissection is that one opemng of an ammal will
destroy dellcate sfructures.. o

External Anatomy . )

There are several things to observe about the out:
side, of the clam. Figures for this dissection are
found in the pocket. You will want to refer to them
as yoti read the following background on clam
anatomy The first i$ the presence of concentric |
rings on the shells. These are growth rings and
there is a direct relationship between the spacings'
between the rings and the envitonment, exactly
analogous to a tree’s ring system, The two valves
of the ¢lam are equal in size; however, shell eqiva-
lence varies among the bivalves, Scalleps and
oysters exhibit & marked difference between shells,
the right rfgalv.,ve being flat 1nct the left convex. Shell
shape reflects growth patfern and is characteristic
of each species, though pronounced irregularities
,can occur under disease conditions. '

M i 3 -
Some clams collected may have small holes in their
shells. These holes may go partially or,completely
through the shell, and-are the work of drills which
attach themselues to the shells. The drill rasps the
shell away until it can feast on the helpless clam
within. Drill holes are wery regular in shape and are
the-size of a pencil point.

The umbao is the swelllng on the dorsal side of the
_shell. The swelling forms a beak which points
toward the anterior end of the clam. Finally note
‘the lunulewhich is heartshaped and located ventral
and anterior to the beak. .

_ The last external feature to note is the presence of
a cartilagenous, rubbery material on the back of
the shell.- This acts like a hinge #nd aflows the clam
to open the two wab valves by a pw%;ng action®
which will be discussed later. If the organism is
healthy, none of the internal qrgans (Mantle, gills,
ezl;“t;lone, or foot) should be protrudmg from .the
she .

-

F

R_
&

repeat it, always seeking to avoid damaging internal
oi'gans, particularly the delicate gills. The hinge hga-
ment is position€t so that the walves are oper.in a

relaxed mode. The shells or valves are held closed

by the constriction f the, adductor muscles.

You will imm ediately be confronted by the unfor
tunate fact that almost everything inside a cldm is
the sarne color, Also, many organs are similarly
-shapeu and tend to ouerlay -each other. Before exa-
mining the organs, you should examine the shell
interion. When all muscles have beeh severed, liit

#

the valve up and locate the pallial line which marks

the place where the mantle attaches. The inner
layer of the shell is compleiely different in tex flrL
and color frotn the exteridr portion of the shelll~
This is becauge the shell is net one matérial but is ;
composed of larers of different materials. If it were |

possible to obsgrve the cross-section of the shell .

L4
L]

under a microstope, three distinct Iaygrs would I

become apparept: the inner or peristracum layer,
composed of conchiolin {mother of peari), and two
outer crystalline Jayers-composed of calcmm

- carbona.e and ‘conchiolin.

In certain bivalves, the mantle is fused uentrally,.
and attached to the shell, as in the Quahog. In -

. some bivalves the mantle is not fused ventrally and

not attached to the shell. Because of this disting.

“tion, it is possible to identify dried shells of different

. line. It should also b2 noted that in certain bivalves, -

bivalves by the presence or-absence of the pallial -

this pallialline is deformed.into a pallial sinus by *
the presence of the exhalent siphon as in the
Quahog. A dried shell can tell you a lof about the
animal that lived in that shell. It can be used as a
rough identification aid to séparate certain
membets of the class Bjvalva such as.mussels from
clams. The shape of the pallial sinus gives you an
idea of the importance of the exhalent siphon to
the animal. Burrowing animals depend ugion this
organ more than non-burrowing-animals$ The
number and location of the adductor muscles can
also be used as an identification-aid. it is suggested
that to fully demonstrate the differences described

Intemal Anatomy

If clams have been cooled at 2- 3°C for a half hour
prior to dissection, adductor muscles will be
relaxed and the process of opening shells will be
simplified. sert a flexible knife; gently slide it
across the interior of the uppdr, Jeft valve, Care
should be taken to keep the mfe blade from
darnagmg the internal organs,g.ohl will be l‘ocated
in the- central region of the ’f‘hree major
muscle groups will have to seuered before the
shell can be-easily lifted to expose®the organs: {1)
posterior adductor, (2) foot retractor muscles, and

. (3) anterior adductor-muscle. The posterior is

largest in size, and the most easily cut. The anterior
adductor may be located and cut after the other
two muscle groups have been cut, allowing the

- walves to gape. If there Is niot a marked relaxation
‘ollowing your cutting motich, pu may have to

o _sorted out ana couerec\
‘3I

above, the teacher shoiild display-dried scallop, -
mussel; aqd clam shetis. -

The glll is actually composed of two W-shaped
ctenidiurty, fused along the dorsapsurface. After
examining the left gill in place, you may remove it
by lifting and' cuttmg caretulty along its entire
length. You wlll find that it is_attached to the main
mass of organs along a rather straight line from the
mouth area to the posterior ddductor musci2.
When the gill is‘remaved, the digestive organz
should be easily exbosed although you should not
plan on exposing the entire digestive tizct, as the
organs-are posmoned in layers: .

The dlgesti\re system of bivalves consists ot an
esophagus, stomach, digestive diverticulun, midgut
or intestine, andhlnd,qutor rectum. Wateris
drawn over the ctenidia, and the food particles are
Wi?h a mucous matenal

e.

4n

~
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This food package is cafried towards the palp and
the mouth by finy halrlike projections from the cell.
These projections are called cilia and their beating
creates a current directed towards the mouth. On
reaching the palp; the food is sorted. The material
which is small enough to be accepted passes on-  *
ward and the larger material is passed outward

* towards the periphery of the mantle. The mucous-

bound food enters the mouth from the oral .
arooves of thé palp and moves to the stomach via

a ghort esophagus.,Once the fobd reaches the
stomach and intestine, it is subjecled to mechanical
-abrasion by the crystal style and chemical degrada-
tion by the enzymes and chemicals in thesw organs .
Food is sorted by ciliary action and conueyeo {0«
the digestive duer(nculum bnd eventually is

excrefed into the cavity of the shell. Here the'feces
(the matter which has passed through the digestive
tract) and the pseudo-feces {the material which was
rejected at the labial palps) are both discarded
through the excurrent siphgn to the outside.

- R ¥

The foot is the organ of locomotion. In animals

¥ such as the hard clam, the foot is used to burrow.
Burrpwing is accomplished by extending the fout
thredgh the mud and then causing the termingl
(end) portion of this organ to swell, acting as an
anchor. When the foot is secured, the retractor
muscles whtch normally retract the foot are con-
tracted, and since the foot is secured, the body
moves towards the foot rather than vice versa. The
" Yard shelled clam has developed.a wetlge-shaped
foot to fao::lllfalé this burrowing action.- This wedge: -
shaped foot i8:50 pronounced that the animal
derives the name of its order from it: wedged or
hatched foot Pefecypoda

The gonads usually lie in the foot below the body
mass, and dependl upon the species and time of
year, their size can be highly variable. The Quahog
can change their sex in response to the néed to
balance the number of males and females within: -
the population. This sex change can occur either
as a single event or s2veral times dufing the life-
time of the animal. Fertilization occurs externally,
although the animal may hold the fertilized eggs
within the shell in response ta adverse environ-
mental conditions.

) The hardshell clam has a “open” c1rculatorg syslem
whereby blood is pumped through arteries and ~
veins with large spaces (sifiuses) between the iwo.
The-heart has a muscular ventricle and two
auricles. The heart is anterior to the posterior
adductor muscle. Cut into the pericardicum to
observe the heart.

After you try the dissection yourself, duplicate and

" distribute the clam dissection figures from the

packet lo your class. You may want to use three
days for this dissection. Day one could be used for
introduction and external anatomy along with com-
parison with other bivalves either living or dried
shells, Day two could be opening practice along.

with an overview of internal anatomy “nth dlssec e

s

-

'; ) a
tion groups working along with teacher. Day three
could be complete dlssecllon of a whole mussel

and/or an additional orgamsm such as an oysl er or
follow.up discussion’,

Clams may be collected or purchased from the Yol
supermarket or fish market. Clams may be kept a

- week or so in the reftigerator without water or »

returned to the refrlgeralor after partial dissect:on :
to wall for lhe nexl class. . . CoIT

A Note on Safe CoHectmg
Of Marine Og.gamsms

If you plan to colléct specimens; it is always a good
idea to check first by telephone-with the Marine
Patrol Officer of the Departmérit of Marine
Resources wno is‘responsible for thetown where

- your field trip will take place. There may be a Jocal
.shellfish ordinance. with which you must comply, a

‘ban on sqme species due to RedTide, or the atea ‘
may _be' closed due to poliution of other types, - g

if the growth conditions of Iishl, lemperalure,
autrient level, and salinity are in cettain propor-
tions, there may be a bloom of Red Tide. Jhis TR
occlrs when the domiriant phytoplankton species : :
which multiplies rapidly uiider these ideal’condi-
tions is Gonyaulax tamarensis. These phyto- !
plankton produce chemical substances-within their ]
celis that are toxic to. animals Filter feedars such ¥, ==
as clars, rnussels, and o¥sters concentrate the . 4z
toxin in their systems. Whelks, snails, and-others «. <-
that eat the filter feeders also become toxic. When * B
a person eats these crealures, he or she, may suffer R
from a paralytic shellfish poisoning (PSP)-which can Lo
result in‘illness and death. Fish, crabs; and lobsters Vs

contact this phytoplankion only indirectly, do not o
concentrate the toxin, and are safe to eat. e®
1t is illegal to collect-lobsters in any stage of " !‘,
: development — farval through adult. Oilhermmarme .

. The quahog is also called the hard clam oy cherry

()

organisms may be collected without:a license-when - |
collected in small. quanlitle:?Jt Is enomzously ¥ :
m’gp@nl if'you feel it is hecessary'to collect, that

you stress conservation and maifeplans for effec- -
tive, humane transportation of lhe llumg *things - * -
back to school. - -

4

stone: When small they are often eaten raw on the o
half shell. Hard clams make great chowder - R

Quahog*ﬁ’ﬁowder ~-
3 liters quahogs . I-cup potatoes, diced” _ .

(thard ciams) I/JJeasppgn salt
1/4 cup salt pork, diced dash pepper
1/4 cup chopped onion 2 cups milk .
1 cup clém liquor and

‘water .

Steam clams open (5 mih.} and save liquor. Chop.
Fry salt pork until golden. Add onion and cook

until tender, transparent. Ad liquor, potatoes, L
seasonings and clams. Cook about 15 minutes or T
until potatoes are tender. Add milk. Heat Serve

- with large pilot crackers. . . R L iE
g LTI TR
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" There is a ma;onty
expenenced the oceas or fakes firsthand,
have not evenieen o the beach, andwe, ecog-
nize thal-a trip to the beach is only o first step in
understanding th uustness ‘of the waigts that
surrormd us. L.t

.ot
There,ore to gducate for marine &Jareness we

. must look fo vicorious experiences for chafdrena .in
the case of children who h abe riot experienced the
oceons, literaturé becomes the very best way for.”
them to become aware df tHe potent:al of the sea
to their own future.” '/

Norma Bagnall ; * .

U%ding about the sea is one of the -most fun- aﬁd
rewarding activities we can offer our’students.
#Many books of high literary quality and artistry are
. av‘?llable; We descrlbe oiily a few of olir favorites
below: - - .

T kAge Group Elemhntary Grades

Dag, Michael E. and Whitmore, Carol. Berry Ripe

Moon _ Peaks-slind, Maine; Tlg:le Gras" Press. -

19777 . L -

A sensltwe and accurate porlrayal of the Native

. Americans' relationship to the sea before contact
. with Europeans.. An educationai guide is available - -

also. 56 pages. Llne drawmg HHustrations. (Grades

. ,3 6). - P

Hoilipg. Clanq: R. Pagoo Boston Roughton Mifflin
-Conppany, 1957.
TRe-how classic story of a hermit crab’s life cycle.
_ A fun and scientifically accurate look at life in the
"~ dide pool. The full page color ard marginal black
*  and white iflustrations are superb. A film, Story of __
A Book, which follpws the making of Pagoo is
ava:lable from Pied Piper Prodyctions. Swages.
{Grades 3.9).

* Jones, Dorothy Holder and Sargsant, Ruth Sexton,
Abbie Burgess, Lighthouse Heroine. Camden,
Maine; Downeast. Reprint 1960 -

Abbie became a legend through her resourcefl.ﬂ
ness and bravery. %ns story recounts her remark-
able young womanhood on Matinicus Rock in the
mid-nineteenth century. 190 pages, (Grades 4-9).

L]

" sutes for.Grandmy’s birthday. 47 pages. Blue-and-
. st oilo,ed dra
K-3).

Llcinni Leo Fasf? :s .Fish. New York: P@theon
" An enchantmg sts

l‘

... A gentle and sensitive storg told by a Province. ﬂ

o

) %ew York: The

"Maine coastal life] This one is a tall tale of a fisher-

{3,'
-
+

Books 1970,

about. the way a fish imagines o
the outside 'world 2s described to him by a worldly Co-
. frog who's seen it. 32 pages {Grades K-2). -

List, ik, Grandm 's\Beiich Surprise. NewYo;,k Lo
GP, Butnam 5 Sons ‘19 ECE
Jesse’learns about; the peach and its mhabitants as -
she esplores it with her Dad while collecting trea: -

s by Ruth Sanderson. (Grades

cClbsky,*Robe‘l} Dour; Deep Water Mcm. TR
iking Press, 1963, e
All McCloskey's t[ooks capture in a spgc!ai way -

man who catches a whale by the tail and bandages
it, leading to grea aduentures 63 pages (Grades D ST
1. 4) . - - :_:'.__.

McMilian, Bruce Fi nest‘ Kind (0 Day: o
Lobstering in Maine: Phtladeiphla JB Lippin; "
cott Company, 1977. '
A yoyng boy malies a nte of passage as he spends
his filst day as a sternman. Finestkind of story. 48 .
agey. (Grades 3-;) Photographs ®

Tresselt, Alvin. The Beaver Pond. New York: e
Lothrop, Lee: S pard Company;: 1870 - T S
Throughout the'year the lives of beaver and wild L
life visitors to the' ;ond are followed. 17 pages! S
{Grades 1- 6) Ilrustllated by Roger Duvoxsm LI

Young, Jim. When the Whdle Ca ma to My .
Toum. New York'lAlfred A. Kriopf, 1974.

town boy who watéhes his town cope with 2
stranded whale. Remarkable pholographs. 36

pages. (Gradés 4-5)§

Age Gyoup: Grades7-9 LR
“The Tollbwing is a partial list of marine Igterature
both fiction and non-fiction appropriate for readmg
in the upper secondary grades: o .
RN,

Hen:y Beston o The Outennostﬂonse B
Rachel Carson \ The Sea Around Us.. '




The Edge of the Sea
Under the Sea Wind

Rachel Carson
Rachel Carson

Harold Clifford Charley York: Maine
o . Coast Fisherman
+  Samuel Taylor Coleridsig  The Rime of the
Ancient Mariner,
Ernest Hemingway The Old Man and
£ = -the Sea )
Rudyard Kipling Captains Courageous
Jack London The Sea Wolf
Wesley Marx The Fragite Ocean
Herman Melville Typee N
Herman Melville Moby Dick

C\}éarles Nordhoff and Mutiny on the Bounty

ames Hall

Charles Nurdhoff and Men Against the Sea
James Hall N
~ Charles Nordhoff and Pitcairns Istand
. dJames Hall
JohnSteinbeck The Pearl

Robert Louis Stevenson  Treasure Island

Captains Courageous is espec;ally approprlate
reading for Maine students. The setting is New °
England waters around ‘the tum of the certury, the
subjects, a spoiled, wealthy child and the hshermen
ofa Norlh Atlantic_fishing fleet. NNMEP has
available for loan a few copies of a prelirdinary draft

unjy/bn teaching this novel in Grades 8, %2and 10.

Tt b e lnT s

Teache#Background
Starfish or 9¢a-8ta_r_s, the preferred.common name,
abound on most rocky shores and about wharf

pilings. Various species live from the tide lines to
considerable depths on sand and mud. Boreal

Asterias, A. vulgaris, is the common speues north )

of Cape Cod.

Sea Stars belong o the phylum Echinodermata.
The phyllum name is derived from the Greek,
echinos, meaning hedgehod and derma, meaning
ski noderms ate the only animals with
complex systems that display conspicuous rachal
symmetry. Unique features such as a water
vascular system, calcareouts endoskeleton and
pedicellariae probably reflect their ancient origin,
the Echinoderms having already been differentiated

o "ito Cambrian time.

':'[c B
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Many projects, tradlhonal and creative can develop

from the reading of Captams Courageous. For
example, the episode in which Harvey Cheyne falls .
overboard from a trans-Atlantic liner and is

rescued by the fisherman, Manuel, can lead to a
discussion or research paper on hypothermia.

Interested students can write to the M. T. Sea

Grant Program (University of Massachusefts,

Extension Sea Grant Advisory Program, East

Wareham, Massachusetts 02538) for their pam:

phlet #Survival in Cold Water” or to"the Coast

Guard (any recruiting station) for. their publication -
AUX 202 {10-76) “Hypothermia and Coldwater
Survival.” In addition, information on cold water o
survival suits can be obtained from the Imgerial .
ManufacturingsCompany, P.Q. Box 4119, -
Bremerton, Washington 98310. o=

Three good biblicgraphies are available to help you
select high quality prlnt materials: .

Sea Sources: Blbﬁographlc and Resource
Material of Children’s Literature of the Sea.

By Norma Bagnall, 1979. Available free of charge .
from Sea Grant College Program, Texas A&M
University, Co!lege Station, Texas 77843.

A List of Books on the Manne Envlronm ent
for Children and for Young Peopie. By Project

Sea Stars belong to the class Stelleroidea, sub-
class Asteroidea, from the Greels wicrds, aster,
meaning star and eidos, meaning appearance.
Other Echincderms include the sea cucumber, sea
urchin, safid dollar, brittle stars and sea lillies.

The body of the Sea Star consists of a central cllsc
and five tanering rays or-arms. On the upper or
aboral surface are many blunt calcareous spines, _
which are p.  of the skeleton. Small projections,
papulae, between the spines function as gills and_
for excretion. Around the spines and among the
papttlae are many minute pincer like pedicellariae.
Each pedicellanae has two jaws moved by muscles
that open and snap shut when touched. They keep
the body surface free of debris or small organisms ~
and may help capture food. The anus is a minute
opening near. the center of the abora} surface The

L]
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madreporite is a small plate near the center of the
disc. t is perforated and connects with the water

vascular system, .
In the mic:gc:; the lower or oral surface is the

mouth. THe ambulacral grooves, symmetrically
spaced radiating grooves, extend along the oral
surface of each arm and from it many slender tube
feet protrude in four (or two) rows. On the tip of
each arm is a small soft tactile tentacle and a light
sensitwe eyespot . .

The water vascular system operates as a hydrauhc
system during locomotion, Flagella are located on
the madreporite and their beating draws sea water
into the pores of the madreporite. The water then
passes to the stone.canal which has calcified rings
in its'wall. The-stone canal leads to the ring canal,
located around the mouth on the oral surface, Flve
radial canals extend from the ting canal, one in
each arm above the ambulacral groove. These
canals end in the tip of the arm in a small, extem
tentacle. Each of the radial canals gives off man
lateral canals, one to each of the tube feef. Each
tube foot is a closed cylinder with muscular walls,
having a sucker at the, ouler orfree end,and a
bulb iike ampulla at its inner-end within the body
cavity.. When an ampulla contracts, the fiuid it con-
tains is forced info the tube foot and extends the
foot. The water is prevented by a valve from
flowing back into the lateral canal. If the fip’
touches an object, the muscles may contract and
return the fluid to the armpulla so that the foot
shortens, Withdrawals of fluid lessens the pressure
within_the tip and causes it to adhere to the object
because of the greater pressure of the sea water or
atmosphere outside. The foot thus acts as a
suction cup. The tube feet act either independently
or in a coordinated manner. They serve to_hold the
sea star to-the substratum, for locomotion and in
the capture and handling of food. Sea stars have
beer obseryed to walk as much as six inches in a
minute. On the soft sand and mud, the suckers are
of little use and the tube feet act as little legs.
The functioning of the water vascular system gives
the sea star for a unique facility to open the shells of
bivalve mollusks, With a bivalve, the starfish lies
over the prey, which voluntarily opens its shell at
«intervals. The sea star can insert part of its
stomach in a space only 1-mm..wide between the
shells. Also, the sea star can arip the opposite
valves with its tube feet and gradually pull them
apart (maximum puil 1,300 versus 500 grams

- resistance by abductor muscles of bivalve). The

bivalve can resist a much greater pressure for a

" short time, but the sea star uses its tube feet in

refays and can outlast the bivalve. When the
bivalve tires, its abductor muscles start to refax.
The sea-star then everts its sfomach through its
mouth opening and inserts it into the-bivalve.
.Enzymes of the sea star reduce the blualue to

'Teacher Gmde S

... For one hr.»,_immerse the sea staf in a container -

feed uorac10usfy but can also go without food for . . 4

long periods of time. A month old ¢ta star in an
aguarium devoured over fifty younga clams in six
days. On commercial oysfer beds, \sea stars can

cause serious losses. The sea star glso relies on its i
tube feet and pedicellaria to captur food and pass y
it on into the r moul

Sea stars can be obtamed along almost any rocky S
or especialy a shell covered bottom. They may.-be .-
under rocks, among plants, in crevices, or in tide ek
pools. Also look on wharf pilings slightly below the -
low water mark, Céllect at low tide. For best. eani
results, collect small stars, one mch or Iess in
diameter. = =~ A L

Plastic mayonnalse or mhstard coniamers rnal—:e i
good transport jars for sea"stars. (Check the ’ -
school cafeteria for jars and-clean them with baking

soda and hot water and-let lhgm air dry) Metal .
containers-are toxic to marine orgamsms 'One or

two organisms per gallon of water is a-good rule to
follow. Keep cool. If you are traveling far distances, =~ ~ -
place the gallons in_a styrofoam cooler with'ice in
between the jars and fresh seawaed on-top.’ :

This unit is designed for short ferm use and does
net involve the use of salt water aquaria. Seastars’
can be stored in glass gallon” containers which have
been cleaned with baking soda and water. Fill fhe N
containers one half to'three quarters full of sea ™ -
water, with one-animal to each gallon container.
Keep in the refrigerator af a copstant temperature .
around 2.4°C. Change the water completely every °
day. Extra sea-water should be lightly covered and
kept outside In cool shaded area or in the refriger
ator until use. Animals may be taken out for one ia
one-and a half hours each day.,- Feeding = - .
instructions are dealt with under A-is for aquanum
When the organisms a8 to-be viewed, placeina cul~
ture dishwith sea- water Use a stereoscope orhand
fens for obseruahons. }

When you are fnlshed with your speamens, you .
may wish to preserve them. Follow these directions.
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to which epsom salts have been added. Then soak
in a solution of 70% alcohol or 5% formalin for four
to five hours. Rémove and allow to dry.

¥f your school has slides of the cross section of a
sea star’s arm, they would be interesting'to view,
You could also make drawingg of the cross section.
Transparencies on the sea staf are available or

couid be madehuh&mhepalon&wlth any
other necessary diagrams .

waters rise and fall, fo some degree; every day
~ This“information has alw 25 been of great -
'importance to sea capta and navigators, -
especially ‘when guiding ships, into and out of
harbors and hen working vessels in shallow
walers aroun lsinnds and near the shore. -

“The tides are _primanily caused by the gra\matlonal
forces.of the moon and sun,-When the'moon and
sun-are in.a straight line with the earth {anewor
full modrt every two wéeks), they pull together and
the tides are ‘at their greatest heights, Thig period

is called a spring tide. When the moon, sun and

- earth form a right angle (during the moon's first

-~ - and.Jast-quarters), the gra\nlatlonal forces oppose.

- each other and the tidal helght is Iowered Thls

~ period is called a neap ttde

The-garth-and moon are. slrongy drawn 1o each
other because of the gravitational forces muolued
: and their proximity. This mutual attractionis-
balanced by the centrifugal forde (a measure of
. mormentitm that tends to move the.particles of a
e rotating object away from the center of rotation).
N The centrlfugal force exactly balances the gravita-
. tional aftraction at the ceriters of the earth and
moon and this is the reason why the tides are high
ot low simultaneously at opposite ends-of the-
earth. On the'side of the earth nearest the moon,
the moon's gravitational pull is greater thant the
- centrifugal force, biit on the,opposite side of the
ﬁ;‘th the centrifugal force i greater than the
oon’s attractior. On a hypothetically smooth,
water-covered garth, the water would flow ioward
. the moon on one side of the earth and away from,
e the moon on ‘the other side of the earth. Thus, two
- o lt:dal bulges or creshts are formed, separaled by two
= ow areds or troughs
EKC ?

wll Toxt Provided by ERIC

' ‘_Prachcally everyone knows lhat t!w worlds marme o

\
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Most high schpol biology texts contain a chapfer
on the Echinoderms. Two films are available from
the University of Maine film rental library, They
are; Echinoderms; Sea Stars and Their
Relatives and The Life Story of the Sea Star.
Also the Peterson field-guide series, Field Guide
to the Atlantic Seashore, by Kenneth Gosner,
has some excellent materlal on identification of sea
slars, - : , TR

il eart_h A = - |

Sull N L hew

third quaffer.
Positions of fhe' sun and moon relative to the earth
dunng the spring cmd neap. tides

Reiallonshlp of the th_al-producing forces to the R
- resuiting tide bulges and traughs, This diagram__ = -

-
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Tides are generally-classified into three fypes:

1. Semidiurnal - has two high water and- fwo low -
water levels each day with litile or no difference p- oo
between consecutive high or low wafer heights.
Semidiurnal ides are common along the eastern
coast of the United States.. . ) |

2. Diurnal - only one high ansd/c/ne Jow water level - -
occyr each day. Those fides/along the China T

N TIDE

Crr . TROUGH
TIDE .
BULGE

TO MOON

WATER
SURFACE

S.

L

1 B
depicts an ocean-covered earth with the moon in
line with the earth's equator.

MONDAY TUESDAY
M 6AM Noon 6PM M 6AM Noon 6PM M
2 ] T ]
'E ; _ - Tidat
= |\ Ranga
2 [ i

1 il ]
Ebb Flood Ebb Flood Ebb Flood Ebb Flood
Semidiurnal 'Fde {Boston, hass.)

I T T j
uy

" Ebb Flood Bbb Flood

" Diurnal Tide (Manila, Philippine Is!.)

) T (
Flood Ebb  Flood Ebb Flood Ebt Flood
. Mixed Tide {Seattie, Wash.).-

] T I

L1 3 i 1
FlopdEbb  Flood Fbb Flood. Fbts™ - Flood
Mixed Tide (Honolulu, Howati) ~ °

- if the tidal level is given as 1.5 'meters, the.fide level

, teference point. Negalive numbers mean the fide - . -

Water Level. ~~ - -.

(in centineters) . . . {in centimeters) T
12:200a.m. 175 125 L0am- 20760 0 -
GWam. -175 .5 G0am 10 00 %

- 12:00pm. 175 125 . 900 am. 0 90 -
600 pm. <178 5 - 100pm. 180 -10 L7
122000m. 175 175 . " 7.00pm. 175 - 125 -
600am. -I75 10 - LO0am. 20 - -60-. L
1200pm. 175 <180 - 600am. 150 .10 R

© 600pan. 175 . 5 " 1200am.  -150 130
1200ami 175 199  200pm 180 " 90
. 800pm. 170 125

Tidal graphs ard Corresponding data of the three general typeso fdes.

B o L

coast are diurpal. - " . ] , =
3. Mixed Tides — have both senidiurnal and diurnal
characteristics. There are two high water and -

. two Jow-waler-levels each day, bit there isa . LI
considerable difference beiween the‘heights of S
successive high water or-successive low water S
levels. These differences are called, diurndl (daiky) o 1
inequalities. The tides along the Pacific coastof <
the United States are mixed fides. \ R

When corducting 4 study of the tides, observa-
tions of the tire and height of rise and fall must be
taken each day over.along period. Tidal stations.. -
along the coast usually take these observations . - -
automatically by the aid of a recording instruthent - .-
thaf rises and falls with the-tides. After a-numbet of- . . :
recordings are accumulated from various places -
around the world, Tertain characteristics of the

tides can be discovered. and future predictions can

be made. The. Northeastern-tidal stations: that are - ... -
uaelﬂ by the National Oceanic-and Atimospheric -~ - .-
Administration (NOAA) are: Argentina, Newfound- oL
land; Halifax-and Pictor; Nova Scotia; St. John, e

New Brunswick: Eastport and Portland, Maine; -
Boston, Massachusets. -~ - R

How to Read a Tide Table =

Tide tables give the-times of-high and low fide, plus ™
a.number for each high or’low tide. Thig nambey - -
tells the height of the tide above or below a refer-

ence point called the mean low tide. The mean low
tide is the average Jevelzof Tow tides. For examyple, -~

will be 1.5 meters above the mean low tide

level is below the mear: low tide. _
Characteristic- Tidal Data . T
' Waier Level- - .~ .

Bosion ~~—a - Seattle r—an T 4
Man!!a_'—_-—T o Hon_oluiu_%._ R

SN s ool Dol %

L
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Activily

A graphical rel[aresentauon of the rise and fall of the

tides for specific days and months can be shown

by plotting a curve from tidal data; time in hours

_ and minutes, height in meters.

1. From the data in the pocket, plot a tidal curve for
Portland, Maine during 6 days in February, 1981.
Using the blank graph ohe provided in, the

pockel. plot the heights along the vertical axis
me.;n_hnurc

abcissa). Congect the points with a straight line. -

2. From the same data, plot the tidal curve for —
Portiand, Maine during the entire month of
February, 1981. Using two copies each of the
blank graph two provided in the pocket, plot the
height in meters and the time in days. Also com-

. plete the blanks for the stages of ile moon and
the tidal stages where S stands for spring tide, N
stands for neap tide, and A stands for the

and. days on the horlzonla! axts (x axls or

.

is for Uses of the Sea by
Natwe Amerlcams i

The Native Amerlcan -meaning- o[ the word Abenakl
place of lhe Dawn n The tribes which comprised

coastal and aquatic resources for food. The tribes
of the Abenaki nation were divided by dialects;
first, the Natick diale¢t included the coastal
Pennacooks, and Sckokis. The Abenaki dialect
included the Anasagunticooks, the People of the
Androscoggin River Valley, the Kennebecs of the
Kennebec River Valley. The Etchemen dialect
inciuded the Penobscots, Wawinocks, Pemiquids,
and the Passamaquoddys.

~ Natick
1 Penne. ooks: These people inhabited the south-
wesl corner of Maine (Kittery, York) and the
{.‘Goasi of New Hampshire (Portsmouth, Dover,
:eat Bay). They probably lived in fixed
ag:s They grew crops, fished and also
- hun

2, Soko&g'l‘hese people inhabited the Saco River
Valley. They grew crops and hunted.

Abnaki ¢
1. Anasagunhcooks These people inhabited the -
Androscoggin River Valley from Berlin to' Brun-

t swick. They lived in fixed villages and depended

upon hunting and crops: These Anasagunticooks
weré¢ the last to make peace with l.he colonists.

2. Kennebecs. These people who were also called
Sagadhocs, inhabited the Kennebet River Valley
from Moosehead Lake to Merry Meeting Bay.
They gave much attentron to ther crops and did
some hunting.

. Etchemen

o 1. Wawenrcks “Pecple of the Bay Country”. Their

:f-._.El{C e

wll Toxt Provided by ERIC

3

Probable Territories of |
* Native Americans Before
Contact wgkth European Settlers.

e ——

natme gwes away their locality. These people
inhabited the coast from-the Kennebec River to
the Penobscot River. The Wawenocks did much
foraging on the clam flats and grew crops on the
coastal islands. Today their huge shell heaps
(middens) are all that is left of these people. It is
said that Samoset, a memoer of this tribe who '
greeted the Pilgrims in’ English.

2. Penobscots “People of the Rocky Places™: The
peoplc some of whom presen.., live in Old To

&




scol Bay—Qthers- arew! crops on the islands and
fished. They, also frequented the lipper rivers near
the falls where they caught salmpn and other
anadromous fish. They were the mbst numerous
and powerful ‘wibe of the Abenaki Nation. They
*had influence all the way to Massachusetts. Since
- the contact period, the Penobscots have Shifted to
the Abénaki dialect.

3. Passomoqué f-Pollot
These people lived on the coast from the
Penobscot River to the St. Croix River. They
were bold sailors, hunters of seals, porpoise an
whales. They oftenlook ther ocean going
canoes from Maine across the gulf to Cape Codl.
They 'did raise some <o but depended upon '

hunting shellfish and fishing. They were'a;::;ll?bly
nomadic, moving from one clam flat to-arGther

fived-in a variety of placés. So S{ved near Penob-

The coastal people at all times depended to a farge
extent upon the many fish of ther lakes, rivers and

Leister

- 1. Fish spear or leister: a spruce shaft 2.3 meters

-———eanoe—Salmen: polleck—andee}swereﬂwe-eommm—————

long gave the user much range from rocks or

victims.

2 Single tipped spdar-like a leister except no grips.
used for spearing turtles, flounder and hnbernat:ng
eels, lobsters «ad crabs. .

N

3. Jigaing: a barbless large snzg hook made from the

crotch of a willow about 7 to 12 centimeters
long with its point hardened by charring. The
hook was weighted with a stone. This method
\ was used for catching fish in schools such as
\-. mackerel and pollock. )

I

bays. The Gedrge Weymouth Expedition recordet,
James Rosén, recorded many E’ﬁ_%seoi'"ﬁ?ﬁ‘fﬁu_alﬁ =

animals) as being utilized (these are given in the
original spelling}: % )
L

Whales Seales
Cod very great Haddocke great
Herring great Plaise
. Thorneback * Rockefish

Lobstar great Crabs, .
Muscsls with - Cockles

Pearles In them Wilks
Curner fish Lumps
Whiting Soales
Tortolzes . Otisters

A

Native Americans ate many types of aquatic and
mzrine afimal life such as salmon, clams,

.wordfish, shark, bluefish, porpoise, shrimp,
scallops, perlwankie eels, catf'sh slurgeon skates,
mackerel. . _

Besides the simple foraging for clams, and ather

mollusks, these people had severl f’ ishing methods.

4. Hooks: these hooks were made from bird breasi

. bones {wish bones). One end was rubbed upsn -

astone to sharpen it. Baited, it was used Jike -
modern day hooks. Fish as well as lobsters were
caught this way. -

5. Harpoons: these lances barbed at the end were
used to catch salmon, shads, porpmses, and
somet.mes beaver.

6. Splint basket trops: the traps set |mtreams mostly
for eels were constructed from wood splints,
probably Basswood. They wer® about one meter
long and one foot wide. They were baited and
then weighted down wnth rocks.

7 Poisoning fish: the ﬁsh ponds of streams when the

water was low were poisoned with plants such
as Pokeberries and Indian turnips. The dying .
fish were then picked up on the surface.

We suggest that your class study coasts! unhza-
tion in a project or |1brary siudy forma'




~ Project Ideas

1. Carve fish hooks,
2, Carve fish spear,
3. Make a fish net or fish trap.

P}

. . . - *

Questigns/suggestions for investigations’

1. Why did the Native Americans go to the coast and
“at what times of the year might they have doneso?

2., What foed did they prepare at the coast?
3. What ay they have eaten in the winter?

*

economy today.

4, Did the precontact Native Americans huntand ish~-

Y is for Visiting a

Think of the |;|_1at;|y ways vessels aré used in Mairie.
How many can you Jist? Were you able fo come up

. with movement of cargd, transportation of passen: .

mercial fishing? These atle really just a few of the -

gers, coastal defense, sTntific research, or com.
functions served by ships and boats in Maine.

g this section, we will “visit™ a vessel and
examine use. In addition, we will provide
resources to help you learn about the characteri-

_stics of various types of ~hips to determine what
makes each unique. By studyingvassels, students

.~gan develop-a-greater appreciation of Maine's

heritage of ships and will have a better under-
. standing of the roles. played by ships in Maine™s -

‘There are many ways you and-your class can Visit

4.
- —

~-a-vessel, The.most commonly toured ship isthe

——— "

for sport as we do? - -
5. What méthods did they use fo fish?. )
6. What methods did they use to hunt?

7. What animals did they seek by hl_.lr;ting and fishing
in the coastal region?

8. Howdid the Native Americans kee p their fish from
spoiling or going bad?

. Ms h scholarship is nn?e/ded oft the precortact .
.alve Américan’s lifestyle. Probably the Lest
source-is-Ec X iceafis of the Modern *

Indians af Maine. This bgok was published _
1932 and really deals with the post-contact period.

o L _ Lo

.

Vessel

ST
-

training.vessel Staie' of Maine moored at Maing.
Maritime Academy, Castine, Maine. This 533 foot
ship is used by the Academy in the training of sea
men and women for careers in the merchant
marine, the Coast Guard, and other maritime <
positions, as well as by other educational institu

tions for marine-research. When the vessel is in

home port, classes are welcome to visit het. If you

are interested in taking your classes on a field trip

to the State of Maine, please make advance
arrangements through: -

Director of Public Refations . -
Maine Maritime Academy '
Castine, Maine (4421

-

(207) 326-4311 ' L
A side view of the State of Maine is given in the
o pocket. _ -
40 7T T e L




*---—-- Europe until-1965; with one interrupti

State of Mame _ E

e - Origindlly, the Stals.of Mainewas builk 8.2
" Juxury passenger-targo vessel for the American

President Lines and was to be named 1he S Presi- =
dent Hayes. Her construction commenced in 1949
with the laying of the keel at the New York Ship-
building Company shipyard in Camden, New .
Jersey. Work was progressing satisfactorily when
the Korean War abruptly changed the future life of
the ship. The immediate need for troop transparts
by the United States Navy gave the ship-a new
owner, and conversion to a troop transport started
in September of 1950, She was chrislened the
. USNS Upshur after'Major General William 1
Upshur, United States Marine Corps who was a
Congressional Medal of Honor winner for his’
action in the Haitian Campaign of 1915. After sea
trials in December, 1952, the United States Navy
accepted her for Mi Tlary Sea Transportation
Service, now kl‘iowrt‘as the Military Sealift
ornrnand

to all parls of lhe globe In Ihe rmd 1950‘5 lhe

. Upshur carried troops and their families in
_QOperation:Gyroscope.in _ouerseas._rotation_ of _
military units to NATQO areas in Europe. In 1958,
dunng the Lebanon crisis, the USNS Upshur was
one of the primary troop transports faking 1.S.
military units from Germany- tgg,ebqnon The
Upshur continued carrying troops and families to

-—in - .
QOctober of 1962, when she raced to t
GuantanarnooNaua! Base In Cluba to liff some 1700
" “dependents and:retutn fl.em o the United States
just priot to the Cuban missile crisis. In August,
1965, the USNS Upshur became part of the = -
Mllilary Sealift Command, Pacific and was-desig-
nated ag-ong ¢. five transports to transport the st
Air Borne Division to Vietnam, This transport -,
service_continued untit December,.1967 ~— when
the Upshur was designated to Far East service ify
which it cornpleted 65 round lrips between Korea
_and V'elnarn carrying ROK units ﬁghhng in the

- conflict.. - :

o ; in Aprll of 1973 the USNS Upshur Was released

" by the Military. Sealift Command to Maine Mari- -

~ time Academy and the Maritime Administration in
Boston, Massachusetts, After a brief drydocking
pened, the Academy departed on the newly named
State of Maine on a two month lramnlg cruise to
Soulh Amenca and the Carribbean.

A highlight of the jnitial cruise for the ship was the
transporting of over 200,000-pounds of gift cargo

for the Partners of the Americas Program from 10 * '
1).S. states to sister states in Brazil and Columbia.

~ Cargoincleded a porfatle basketba floor, X-ray-
machines, hospital beds, an ambulante and alarge e
sup'o]y of s:hool 5upphe5 and equ!pment E 4

The 1974 training crgse was a.first for: Mame
Manhme Academy, as the lrammg sh|p Srare of

L

visited-a Russian port.

. part of a Russian fish-factory ship, Sooerskaya .

~.on half modelling and lofting,

Maloe visited Lenlng}ad in the Sovigt Union in
early June, It marked ihe ﬁrsl time, ever,that a . .
- trainingship-ol the—Hnﬂed—Sta!es—————

e

‘The State of Mame e_xpe_rienced ‘another first -
while_on training cruise in 1977, She played the . '

Litva, in the Paramount produced TV _movie, The
Defection of Simas Kudirka. It was about the . B
Lithuanian seaman (Kadirka) who madé an attempt

to seels asylum by jumping to the deck of a U.S.

Coast Guard Cutter off Martha's Vineyard in 1970.
The fim appeared on lhe CBS nelwork in January
1978.

If you cannot VIslt a uessel_ in person, visit one I
vicaricusly. There are many plastic and wooden o f
boat models on the market which can be e
assembled by children. In the process they will :
learn something:about the_parts of avessel. Older
students could ciesrgn and build their own models. L
- The Apprenllceshop Program of the Maine - . =~ | . o -7
Maritime Museum at Bi‘h can provide in| mforal: T

two proceures use e
in,boat building, that mlght be helpful to students o
in Ihls endeauor oo = nd e

Students can-also obtain :nformallon aboul :rnpor- o
tant seaporis in Maine by. writing-10 the Port : oy
Authonty or Chamber of Commerce of that port. _ :
An impressive little booklet about the Port of :
Portland 15 available from: - - | S :

The Port Cornrmt?ee of the Greater Portland
Chamber of Corn merce

142 Frec Street - . T

Portland; Maine 04101 .

Another mtereslmg class muoluemenl is to “Adopt- i
A-Ship.” The Propeller Club of the United States L
sponsors this plan which enables a class (Grades 5- o
8) to correspond with captaing and/or crew o
members of rnerchant marine vessels. For more
mforrnalion on the "Adopt-A Ship” plan write:’

The PropeHer Club of lhe Umled Stafes .

_ 1730 M Streef; NW:Suite 413 . ) '
- Washington, D:C. 2003&*"'— T -“’-':"‘_"“ T
{202) 223401 - = :

Also, Woodenboar rnagazme (Brook!m, Matne E
0461 6), the National Fisherman and Small Boat
Journal (Camden, Maine 04843) and Maine Com:

mercial Fisheries newspaper (Stonington, Mane
04681) all can provide extensive information on )
vessels of many types and usually mclude‘hne o
drawings and photographs .

1
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set of tail photos and the map from the pocket

verhead projector.

identified in this way by, men and women from all
over the western North Atlantic, some_of whom
have never spoken to each’ other. More than one’

_ ge wall space and ¢ cﬂackboard or papet

Tacks or tape and string or yarn, scissors.

A warld_atias may come in handy.

You Inay wish to.make photocopies of the tail cards
-ang map for each group of 4-5 students

'_Back round for teachers:

W is for ‘whale’s tail because the tail of one species
of whale, the 50-foot humpback, is very special to

. marine
humpb
-pattern

scieftists. Al humpback whales, and only
ck whales as far as we know, carry a
of black and white ntarkmgs on the under

side of [heir thils.+it is as unique to each whale as
~ your firgerprint is to you. These humpbacks,

\ I \

. namef fof a small nse of the back just ahead of the
dorsdl fin and the high arch of the back before
deep [dives, also lift their tails straight out of the
watet on deeper dives. Scientiéts have discovered
that it is not difficult to be in the right place at the

A

v speaﬁc patferns.or markings. Cut these or

. whale was not sitting still for his portrait and did
“not always dive with the tail facing the camera at

““hundred people weré mvolved. It has given waale . T
scientists some of the most reliable infSrmation on oz
the migration patterns of these whales. It tellsus ', ~._ &
much about the timing and the endpoints of miara-
tions, but Illlle SO far about the palhways between )

.

Game Preparatlons .-
1. The tail photos are arranged in the pdcket 50 that
views of the same whales are together.in. _
sequence. Review these beford cittingthe tail =~ ™
views_apart so that you can anticipate the kind s
. of proble students will have with changesir it
scale an.  _..pective. The trick is to locate -

copies of them into small photo cards of oné tail . e
each making certain to“include the data below- y
each fail as part of the ca Haue one set for
eachtéam..” - :

2. Sef teams of students up s’cartogrhphers of the
Northwest Atlantic. Teaphs of 4.5 are maximum,
Each team should havefa copy of fap e.nlargg
ments on the board oy on poster paper, . ~ -

Game Strategy The obect is for each[ student in

the role of tetologist (whale scientist) fo‘collabor-,
ate with the pther researchers from arbund the :
Atlantic. and learn as much as they c{n about t,he
mlg'ratlon patterns of humpback whales.

Each team of studentswill “draw thefr tail photos |
from a different conlainer One tail is sugaested as _ _ o
a start. They then take their photds and compate . :
them around the team in.an attempt to make as e
many matches as possible. Emphasize that the

"the same angle. The researchers who first
attempted this in Bar Harbor, Maine, at the °
College of the, Atlantic, still do the work in the
same way, but make their task much simpler by

“E Kc

Q Tghtlume and get a photograph of that patlem.

42
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categor:amg the hunclreds of tails in rough groups
of shading patterns. thn matching sets s difficult,

- *~-encourage students to-arvange tails from mostly
light to mstly clark down the table.

'+ Matched tails are pmned or ‘taped simulianeously .
on the enlarged map and joined by string and varn. 3
) Alternatively, miatched tails may be color coded as
dots on the small letter-sized maps. Trios and ,
quartets of matches are possible.

Follow-up Questions (apd- answers' for
the teacher) _

1.“Will any two photos ever give
rmigration route of a whale?..,

* might begin to give you an lclea .

jou-the exact
o, but five or six

- What possible way can you think of to tell the exact
. ~ migration track?...Radio t‘yadqng with liny radios
' . 7 and ahtérinae held on by'suction cups is just
being worked out. Ships, planes, and satelhtes '
_ all used in this work: -

o 3 Do matched photos always ,gwe you thetlme ofthe
TI:H.-'-_"%
- whale’s traveling speecl between two and six,
7 °_ miles per hour you can figure out which trlps
L were almost direct runs.

- 4, D:cl you notice the regular patterns of evenly
spaced scratches on any tails? What do you
think did that?...As it furns out, the spacing

A between the scratches corresponds pretty well

"~ to'the tooth spacing of killer whales, Perhaps

7~ 7. they lest some whales more often than others to

S *see if they are weak and can be eaten No one,

5. . knows for sure.

5. Did you see some very round marks ona few tails
and some whlte clusters near the tips o” most?
What do yoy think these are?...A very particular
barnacle of the genus group Cornufus lodges in
. the whale’s tail s, vhen it is a tiny wormlike
“larva and as it grows fo its adult round barnacle
shape it secretes a material that encourages the
whale's skin to grow up through the parts of the

= barmacle’s shell, thereby tricking the whale into

. hanging on the ‘shell and saving the barnacle

s “that: energy.

6. If you number your matched tails in order of the
T . dates ori the, photos what does this tell you
=T " about the. direction-of travel of the whale" Be

e careful aboat making, hasty ass umpuons‘ .

S Why do you suppose whales migrate? .From what

o we can tell, the oxygen rich (remember @, can

- gonceénirate in colder water} northern water
which sidpports much more fish life provides
b?t of the food for the whole year. The huinp-

ks go south to deliver their calves in warm
_ “water and get some fat on them before brmging
-~ them north. -~

8 From what yoy see of some whales in the same

* place year after year, do you think whales have
_ - "home"™ pIaces? What would make a place home

o

{ngwezt =

16 a whale?.. Apparently, ves and food tupe,
temperature range and fam:ly grodpmgs seem 10
make.a home of sorts. -

Whale Resourcee

Whales on Wheels Wnte or phone Manon Kane, r
“CDIIEQE"OH!T@'?’HIMHC‘ Bar-Harbor; Main e- ;
207-288.5015. This is an extraordinary reconsttu& .

tion of a %\Pke whale skeleton by children them:
selves unclér the expert guidance of COA college™

- staff and students. An excellent follow:up to, the

-

slide show.

The Whale Slide Show. Dr Steve Katona of lhe
College of the Atlantic, has develgped 2 fine slide/_
tape program, slightly technlcal but well narrated. ~
45 minutes or. 1% hours. New edition in progress.
Rental cost: $12.00 Allied Whale, College of- the
Atfantic, Bar- Harbor ME 04608. . :

A Field Guide to the Whales., and’ S eals of the

Gulf of Ma'ne by Dr. Steve Katana and Dr. David

Rlcharclson is the best and most available summary
of species, basic biology, and field marks.. Clear,
accurate illustrations and a.very readable text..
Cost: $5.50 frorn Alliéd Whale, College of the.
Atlantic, Bar Ha;bor, ME 04609.

There_ are numerous whale books in the popular
and technical literature, but not many curriculum
guides. The most comprehenswe single source« 7
“book available is called The Whalebook and-
includes excellent audio visual fistings and biblio-.
graphies.as well as teacher resources. The best of
political matenal aise. ' S

The Whalebook' by’ the Center for Aqhon .on.
Endangered Species, Inc., 175 W. Main Streat,

»

AygryMA and, iblished by the Whale Protection _ ,
Funlls Center for Environmentdl Education, 2101
L. Street NW, Washmgmn, D\C. 20037. . - -

A copy of the latest whale tall catalog printed by
the Allied Whale of the College of the Atlantic is
available for about-ten dollars, It Includesa -

discussion of the problems with this kindof =~ |~

research. The tail photos used in this a wlty were
based on the catalog. Data f&r location were .
slnghtly altered {0 make Fesults more specmc e
_ SN

T
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These sound]tke hom\'.:ly scientific terms, but don t
et them scare you awayl Xanthophyll is the
" pigment in certain seaweeds that makes them a
_brown color. Some-séaweeds confain mostly
* ¢hlorophyll and 3re green in"color, herce. are called
% «. the Green Seawded . roup. Sea lettuce i’ a good
example Other skaweéds contain moStly a reddish
-pigment-called phycoerythrin and form the Red
Seaweed group. Two well-known red seawéeds arc
frish Moss and Dulse! Yet another group, the blue
green algae contain the pigment pyncocyanin and
finally we come back to the Brown ..eaweed group p
containing xanthophyll The common rockweed
and bladder wrack which grow so aburdantly on
the rocks along our coasts are good examples of

brown seaweeds. .

4
The Northern New England Mariné Education
. Project has ave “le an instructional unit on .
° seaweeds. Some deas {rpm) the seaweeds unit on’
food preparation are given'below.

.

£ pinch of salt

) Seawééd Cookery:

® * Hish/moss pudding or Bianc Mange: .
"Blanc Mange, 1~ -,
1/2 cup packed Irish moss P o

"1 liter milk
172:gup sugar

any fruit or flevor: - LR
" .cheesecloth

Wash the algae several times in fresh water, Heat
milk and Irish moss ig a double boiler. Cook over
boiling water for about 30 minutes, not more,
stirring occas:onally Strain through cheesecloth
and discard the irish moss. Add sugar and salt to

- the milk and allow-to partially cool. Any fruit or

» flavoring should be added as it begins to thicken.
(Suggested: Blueberries, raspberrles, almond
flavoring or honey.} Pour into molds and chill in
refrigerator for several hours. Can be served wlth
cream,

Blanc Mange il . _
1/3 cup Irish moss s N
1 qt. milk -
1/4 tsp. salt .
1%\tsp, vanilla .

e .

v -

Soak moss 15minutes in cold water to cover, drain
and, pick over. Add milk, Cook in d- ible boiler 30 ~
minutes. The milk will seem only stightly thickened,
but if cooked longer the blané mange will be too
stiff. Add salt, strain, flavor and restrain. Fill
indiv'ldua{'molds preuuously dipped in cold water, .
Chill. Turn molds onto a glass dish and surround
with thin slices of banana and place a slice on each
mold. Serve with sugar and cream.

" Seaweed Sweet -
4 cups of rings cut from fresh kelp
3/4 cup of white vinegar
. 2l cups sugar
. 1 tsp. whole cloves
1 tsp. mixed pickiing spice

¥

. z,
Remove the outer skin of kélp with vegetable
peeler and slice into thin rings or cgtintolong - -
strips and then into rectangles. Suck the cut kelp




e

\-

" in fresh water for 3 days, changing the water

several times a day to remove the bitter tasting,
salts. Place #he spices in a cheesecloth bag and
place in simmering vinegar and sugar for five
minutes. Remove the spices and pour the hot
syrup over the sliced kelp. Let stand over night.
Next day drain off syrup, heat to boiling and pour
over kelp again. Let stand over might. On the
following day {sixth) remove syrup and heat to
boiling. Place kelp slices into jars, cover with
boiling syrup and seal, or store the pickles in a
covered crock.sFor dill seasoned pickles, handle
the kelp in the s;t—ne manner, but substitute vour
favorite dilling pyocess for the above syrup.

While -ve are on the subject of color, we could
branch off a bit here and say that X is also for
Xiphios (the Latin word for swordfish) and talk
about coloration in fish. Coloring in organisms in

. the natural world generally serves two purposes:

species recognition and protection. Your students

should be able to come up with examples of each.
Elementaty students might like to locate pictures in
magazines which illustrate brightly colored tropical

fish {an adaptation for species recognition useful in

schooling) and fish who are colored to blend in with
their sarroundings. A simple demonstration that

can bg done with both elementaryand secondary

:_EKC L

IText Providad by ERIC.

. IS for Yacht Race
[ A Nawgatlonal Game

mm ..-,xm mmn-

There are many garnes Whlch qmulate the racing
of vessels. This vaiiation is one of the simplest. It
was designed to help students use bearings and
lines of position to nagivate across the Gulf of
Maine. Students first need a demonstration of how
to read a 360 degree protractor hy placing the 0-
degree mark on one of the nortt. south lines of
»longitude also called merldlans.

If the bearing is 60 degrees or 060 (all laullcal
bearings are.given three igits), the vessel is 60
degrees clogkwise from north. When positions are
expressed, they are the points on a line drawn
from the center of the protractor thyough the
correct anglé ‘position on the edje of the protractor
and, outward away from the pro‘ractor.

In this game p]ayers will be given appor;unities to
determing the beating of their voyage for each furn

1
;
{
R

ut prohlzetive coloration In

1
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students to teack a
fish follows: -

: | .

If you ~an get a live tlounder, 'great. If not, make,
or have a studenl make, a realistic model of one. A

? flounder usually lies on the botlom sometimes '
partly buried'in the sand or mud. If yyou have
access lo a live flounder, try placing it in an
aquarium or dish pan of seawater with diflerent
kinds of bottom sediment: mud, light colored sand,
dark colored sand, multi- co!ored rocks. Observe
{he changes in the flounder’s coleration on each of
these substrates over a period of a couple of
hours. Or use your model to show whiat happens,
wrap the “flounder” with paper colored to match
the “bottom” of your imaginary ocean. The

_ flounder, then, is somewhat like a chameleon; it
changes shade and markings to better blend wath
|ts surroundings. . -

Next hold"the flounder 6r the model above the .
heads of your stulents so that lhey muﬁok up

into the light to see it. A flounder is light #6lored
below, so that on the occasions whenyifis
swimming nearer the surface, it will blend in beiter
with the lighited siirface Waters and will be better
protected from predators looking up at it from
below, f:’

fr

by spmnmg a spinner arrow. allached to 3 card
board vrotractor. They #ill then “sail” to the
nearest , Jridian along their bearing. When they
have deterniined the endmg place for_their turn
they will log their posmon in Iongllude latitude and
the current tinfe in navigator's or 24-hour time. If
the time is 8:25 a.m., the navlgator’s tire is 0825.
Times after noon are "12 plus” the regular time, as
1:25 p.m. is 1325. Student logs should have
headings as illustrated below. *

Example Log

Name

turn lime !ongi!r.ide lafitude

5é‘h.
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If you use the Yacht Race Chart provided in the
pockei, each turn will take players approximately 1
degree of lahitude or 60 nautical rpiles. To make the
game playable, the chart shotld be enlarged by
making the copy from-the pocket into an overhead
transparency. Then it may be traced by students
as an enlargement from the overhead projector
onto shell paper. One large chart is sufficient for a
team of four to six players. If you wish to order
“real” navigator’s charts, the ideal choice for this
gaIT chart No. 13006 (West Quoddy Head to New

In general, a zZone is any tegion or area gspecially
set off by some boundry. When upplying-this term
to the <.as: one can sometimes see the different
zones by examuning the various plants and animals,
and'their vertical distribution. These zones, some-
times referred to as reaions or bands, develop from
the varying environmental c.onditions present in the
area. Some of these zones have been given names
according to the most dominant organisms found

M

" closesf meridian. Each p?yer then Jogs his/her
5

-

York)."Chart prices vary, order a current price list
and chart catalog from:
Distribution Division .
National QOcean Survey - . >
Riverdale, Maryland 20840
Phone 301-436-6990

With “real” charts you will need to assian your owr&
rules for distance traveled in a turn. -

3

Play moves around the chart table, clockwise. Each -~
. player spins the protractor spinner to find the :

bearing and.then locates the bearing on the chart
and finally finds where the bearing intersects the

position and play proceeds to the next player. Each
group cheoses its own course, for exaniple
Portlarid, Maine to Yarmouth, Nova Scotia, The
first player to reach the destination wins. The
protractor sinner Simulates the wind and is
random so players often will gail in circlés. If a
*’spin” bearing would require a plaver to'move
his/her vessel across land (islands may be in the
way), they simply stay put and re-log their previous
furn’s position.

The Yacht Race chart, protractor spinner and
arrow face and cardboard course protractor plotter
face are provided in the pocket. Spinner and .
plotter need to be reinfurced with cardboard.

You may wish to purchase clear plastic protractors
for this game. One supplier is: _

C-Thru Ruler Company .

6 Britton Road
Bloomfield, Connecticut Model No. 255

in them. In these NNEMEP unitsiwe will commonly
uge littoral zone names. Littoral is from the Latin
word for beach,and has historically been used o
mean the upper part of the continental shelf. There
is no single set of zoneation names which are
recognizable as best. We have selected the
following names for the regions or zones on the
rocky surfaces exposed between fhe tides; supra-
littoral zone, littoral zone, midlittoral zone and”

.57
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——Supralittoral Zone -

-

sublittoral zone, Once you become familiar with
these zones and the organisms within, you dnd
your class may wish to apply your own zone ..amus
to the rocky shores as, well as the sandy shore,
shingle {or pebble) sfore, and the muddy shore.

Your study of marine animals will basicallytake
place in the intertidal region, which is thaf part of
the shore [ound between the highest and lowest of
spring tides. This region includes the littora! and
midlittoral zones. The supralitioral zone extends
above this region and the sublittoral is found below
it. '

The supralittoral zone, which is scmetimes called’
the upper shore, includes a splash zone at the
upper limit which occasionally gets wet ([rom the
sea spray. M the area is bare rock, orange or green
lichens may grow here which are easily seen. If you
use a hand lens, you will di< “over that a lichen is
made up of two microscopic arganisms which help
one another, or have a symbiotic relationship. One
is a green algae which prevides food for the fichen
while the other is a fungus which absorbs water
and provides a substrate. There are also aifferent
types of plants and shrubs which inhabit the part of
the splaslfzone which has a modicum of soll. -
Mosses, beach peas, rugosa roses and glasswort
are a lew eRamples of these nfants. Mostly land
dwelling creatures are found 1n this ara such as
spiders, pill bugs and other 1sopods, terrestrial
mites, and certain kinds of snails.

Littoral Zone

The wext rocky shore zone 1s the liticral zone, alse -

calleg the black zona, It 1s In this area that we find

. rocks covered with « very thin mat of microscopic

- blue-green algae, which, when coficentrated or

damp, make the rock appear black or dark green.
Animals of this zone are marine specins that can
breath air or at least spend some time out of the
water, and ar¢ capable of maintaining a certa'n
amount of moisture in and around their bodies.
One such inhabjtant is the vough periwinkle,
Littorina saxatilis, which has distinct whorls in its

shell and is dight gray in color.
Peﬁwinklesjd:n doors caied opercula which

when closed,-trap moisture in and reduce the
drying out effects of the sun and extreme tempera-
ture. This enables periwinkles to travel upward into
the supralittoral zore.as well as down into the
midittoral zone. The limpkt, commonly called
Chinaman’s hat, is sometimes found in this zone.
However, this anima! preserves its moisture by
using a strong muscular foot to adhere to the
rocks. Both periwinkles and limpets obtain food by
scraping blue-green and g:een algaz [romthe rocks
with scraper-like tongues ¢alled radulae. Limpets,
like perwinkles, are also found in the tiext zone
called the midiittoral zone or the middle}shore.

4
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Midlittoral Zone

In the upper part of the midlittoral zone, some.
times ref=rred to as the bornocfe zone, barnacles
grow in such heavy concentration that they create
a white uniform band. Another species of barnacle
usually grows below this band in heavy brownish.
yellow concentrations. The anly time that you can
clearly see part of the barnacle animal is under-
water at high tide when the shell opens and its six
pairs of lacy legs come out lo capture food and
oxygen. During March and April, the larval forms
of these animals are swimming in the sea to find a
suitable area for growing. After attaching them:

- -——————gelves to rocks, they shange their body form to

become-adult barnaclps. Although it is difficult to
fell, barnacles are arthropods or crustaceans like
lobsters and crabs. Because of where they live,
however, barnacles need to be able to adapt to
adverse weather conditions. Their conical shells
and sirong cement enable them to withstand tons
of pressure from the waves, They also close their

doors s0 securely that they c.an stay alive for long -

periods of time exposad to the extreme cold of
winter cr the baking hot sun of summer.

The roving bandit of the high end of the midlittoral al
zone is the dogwhelk. This carnivorous and at’
tirnes cannabalistic #rganism is about the size of a
common periwinkle, but the shape is somewhat

“pointed Turning this creature over on the foot side

a noliceable grodve is found around the opercula
{trap door) regign. This accommodates a tubular
structure called a proboscis which is inserted
through a tiny hole that it drills into barnacles or
blue mussels. The degwhelk, like the periwinkle,
has a toothiike radula but it is befter adapied for
drilling holes than that of the penwinkle. It also
releases a chemical enzyme to splten the shell of
its prey which greatly aids the {ﬁlﬁng. Many shells
of dead whelks have these perfecily round holes
drilled in them because they have been eaten by
others of their own kind.

Besides having a pointed spire, a dogwhelk can be
distinguished from a p2riwinkle by the shape ovits
operculurp. The dogwhelk has an oval shaped
operculum whereas that of the periwinkle is round..
The color of the dogwhelk shell, which, varies from
alt white to a pattern created by bands of brown
and tan, seems T be determined by what the ™
whelk eats. In late spring and summer/y‘éu may’
discover the conical eggs of the whelk whidh are
laid irs clusters in rock crevices or on-the base of

. Séaweeds. .

Also in this barnacle subzone is a limpet. This
gastropod or one-sheiled, one-looted 1nolusk is -
planktonic when yeung, and like the varnacle,
assumes a conical shape when it becomes a settled
adult. Its resemblance to the barnacle, howeyer,
stops at this point. The low contoyr of the ¥ipet’s
shell and its flattened broad shape makes this
animal very well adapted fo a wave-washed gone.
The limpet has a very large fleshy foot under the
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shell which is easily seen when the animal is
attachedl to the wall of an aquarium. By using its
foot, the limpet attaches itself to rocks and moves
about when grazing on algae which is its primary

food.

We also find small juuenlle or aduit blue mussels in
dark crevices,of the rocks. If the area is optimum
for growth, mussels will grow in.a distinct horizon-
tal band. Mussels are related to other two-shelled
organisms, called bivalves, aithough the foot is Very
much reduced. The common name of this animal
comes from the fact that it is generally covered by
_ deep violet to blue-black colored skin. This horny

- layer of protein often wears off when the animal
dies exposing the light cclored shell beneatk. One
peculiarity of the mussel is that it has byssal
threads, resembling a threadlike beard, which it
uses to attach ilsel?'lo rock pilings and smali
stones. Since these protein fibers may be made or
absorbed at will, mussels may move from Qne area
to another. These bysscl threads also provide
shelter for small crustaceans and worms.

One kind of crustacean found among these g

threads, an amphipod call2d Hyale musseni (the
sea scud), is orange. has a body compressed on
the sides, has small black eyes and usually hops
when touched. Small round worms culled
hemotodes, seamented worms called oligochaetes,
and ribbon worms may also be fornd among the
byssal threads.

Perwinkles may also be found in this part of the
zone, sometimes growing so abundantly that they
form a narrow band. Other forms of life may wash
up into this region and some of those listed above
may be completely absent depending on the area,

the exposure to wave action, and the slope of the
beach.

As we move further down the midlittoral zone, we
come io a part called the rockweed zone. This
zone is dominated by two types of brown afgae —
bladder wrack or rockweed znd knotted wrack.
Rockweed 15 olive.green to dark green, regularly
branched, and has a tough leathery body. The
branches may be somewhat spiraling and usually
have paired air bladders with a central structure or
snid-rib runmng dowo the length of the body.
Reproductive streztures may also be found at the
*tips of the plants from late spring thraugh summer.
Afthough rockweed, fike all seaweeds, has no true
roots, stems of leaves, il has a stem hke structure
called a stipe and 1vot-like structure used for
attachment called a holdfast.

Isitermingled with the bladder wrack, and apgsearing
lowet down in the rockweed zone is the knotted
wrach. This seaweed, witich is a perennlal, is more
sriny y, very tough and is olive green to yellow
brown irt color. It, too, has small air sacs along the
length of its branches which aid in flotation. How-
ever, in contrast to bladder wrack. knotted wrack
has no mid-rib and the heldfast is disc shaped and
very small.

/ & -
1 -
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Because the rockweed zone has much, seaweed
whic!s retains moisture when the tide is out, many
animals find protection here. Lookixg carefully
under the seaweed, you may find green crabs,
limpets, penwinkles, snails, beach hoppers, blue
mussels, dogwhelks, scaleworms, barnacles, and
occasionally sandworms. Hydroids, Hydracrinina
echinata, which may be feund growing on
seaweed, discarded periwinkle shells or moon-like
snail sheBs inhabited by hermit crabs, are also
found in this zone. Some hydroids, which resemble
plants more than animals, grow in branches with
the ends of their polyps equipped with flower like

pink and red lenla%

Another animal founid in this zone is The coiled
tube worm or Spirobis. Although this animal super-
ficially resembles a barnacle, if you examine it more
closely you will discover that it has a white coiled’
shell made of calcium. When the tube worm is
under water i relaxes apd its tentacles may be
seen. But, when disti~bed or out of water, it closes
off its tube with an airtight opercilum. When fube
worms appear on rockweed, they give it a white
spotted appearance. Some may also be found on
rocks, on the shells of snails, and on crabs. You
will notice that some kinds of tube worms have
coils which form in a ieft-handed pattern, and
others have coils that develop in a right-handed
swirl. The individual shell pattern of a tube worm,
along with its preference for habitat, defermines
what species each one belongs to. Tubeworms also
have an interesting reproduciion and larval deve-
lopment. They breed their young in an egg sac
inside their shell which hatch out alter a month or
so. This usually occurs in June or July-during the
full moon, at which time the pin, ciliaied larval
forms swim to the surface waters and sgarch {or
adult populatlons When they find a suitable
habitat, they spin a calcium tube to live in within
twentyfour hours,

The lowest level of the midlittoral zone is called the
red algae or Irish moss zone. These algae are
usuaily found on seashores exposed to the open
ocean and offer a living environment for creatures
not found in the other zones. Irish moss ic a
perennial seaweed which grows in dense colonies,
on rocks seen at low tide or sometimes in twenty
or more feet of water. The color of this plant may
vary from bleached-out white to yellow-green or
even a pinkish-green. Although its primary red
pigment may be masked by other pigments to give
it a slightly different hue, Irish moss is still
considered a red algae. 1t Is bushy, double-
branched, has many blades which become very
slender tov.and the holdfast, and is usually from
sevan Lo fifteen centimeters in length. Around #%
holdfast yvou may find scale worens, round worms,
and hitle amphipods as well as small blue musseis
and periwinkles.

There are many ¢ther specnes of red slgae grawing
in this zone, Coralline algae is one of these, and
this algae can take two-different shapes; as an, %

»
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encrusting plant on rocks, giving them a reddish
volor, or as a stony plant that grows upright {from
5 to 10 centimeters) in the lower midlittoral zone.
Another kind is laver, a very thin, reddish brown
lealhery, marige algae that resembles the green sea
fettuce, Ulua. The sea lettuce can be found in tide
nools higher up in this zone, and the laver can be
found arowing on large, coarse rockweeds and
kelps. ’

Another red algac, alled dulse, grows with blades
extending up lo fifty centimeters with an.average of
about twenty centimeters. When dulse is wet, it
feels slippery and has a very tough, leathery
texture. It may be found on other plants, rocks ot
even on mussels.

Further down the red algae zone, you may find
olher foims of plant and animal life in crevices,
overhangs or isolated ,.ocls. One organism is the
caurnb of bread sponge, which filters sea water
throtgh its porous body to obtain plankion.
Another animal you may discover is the green sea
urchin which may be distinguished by its globular
shape and its blunt spines. The urchin's mouth is
located on its bottom side, and, by tutning it over,
you may observe how it chews. Its beak like jaws
are used to oblain fopd by scraping algae off rocks
as It moves along on its tube feet, If you look in the
upper shove zone you may find pieces of the sea
urc hin shell found here because they have been
dropped by gulls who do so to feed on the inside
flesh. You may find its whole skeleton called a test
or parl of its mouth supportive str _.ure called
Aristotle’s lantern. By observing th: shell and the
structure of the urchin you will discover the sym
metry of its design.

49

Siarfish may also be found in this zone. These
animals have tough skin, and like the sea urchins,
have spines and tube feet. The common starfish is
asually distinguished by its green or blackish-green
color. The northern starfish also has five arms,but
there are no definite lines on top of them. Also,.its
body is not as firm as the other starfish. The
lavendeér starfish and the purple starfish are other
names for this organism.

Other less commonly found starfish are the bnttle
star, sometimes called daisy siar, and the blood
star. The brittle star is, as its name implies, quite
fragile and is recagnized by'its serpentine tays
which may be seen ground the rocks where it

seeks protection. The blood star is crimson ted

and resembles the common starfish except that its -
tube feet are not as conspicuous and-only occur in
rows of two Instead of in rows of four. '

An interesting characteristic of starfish which you
may observe in an aquarium is their strange
feeding behavior. The starfish usually feeds in a
humped up fashion with its legs wrapped around a
soft shell clam or a musezi. Using. suction, it
attaches itself firmly to the two shells with its tube
feet and pulls the shell apart by ¢xerting continual
pressure. With the help of muscle relaxants that
the starfish releases into the water, the mollusk
tires and fhe shell is. partially opened. The statfish
then turns its stomach through its mouth and
digests the soft body parts of its victim mternally.
All (hat is left after this feeding is an empty shell
partly opened. Another interesting characteristic
that may be noted if you observe statfish over .a
period of time is their ability to regenerate rays. .
Part of the central citcle'around the mouth must




of |s‘heach frash.

be present for this to occur.

Near ot below the low tide mark in the midlittoral
zone, one,may find several types of sea anemones.
One of these 1 a flowering anemone whose body
consists of a stem-like sylindrical body with petal-
like tentacles” When the anemone is relaxed and
covered by water, its tentacles extend, enabling it
to capture minute life forms suck: as planklon
_These tentacles have special stinging cells armed
with a foxin which paralyzes the prey, although
they are harinless to people. If the anemone is
disturbed, it withdraws its tentacles into ifs body.

Another mollusk of this zone is the chiton. Like the
limpet, it has a very muscular foot and feedson -
microscopic vegetation. However, it is unmistak-
ably different because it has a shell composed of
eight overlapping plates.

-+

Sublittoral Zone

The last rocky shore zone is called the sublittoral
or laminarian zone. The upper limit of thisareais
uncovered only in extreme tidai conditions and the
lower limit, which is sometimes called the scuba
zone, is never uncovered. Mthough, f the most
part, the flora and fauna of this zone are under  \
water, you may observe several kinds of kelp or
laminarian seaweed from the surface. Onie of these

‘kelps resembles the fingers of a large hand and

another looks like a ¢ery long ribbon. Since the
plants and animals living here are frequently sub
jected to the pounding of waves at the top of the
zone, they must be well attached. Tz kelps have
holdfasts which strongly hold them in one place.

The alternative shore types where you may find
animal and plant life are the sandy shore and the
mudflat. A shingle or pebble beach offers very little
security for either plant or animal life because of
the arinding action of tumbling stones.

e, '
.

Art Activities

This group of agtivities was developed to allow the
students to express themselves creatively through
the use of basic materials found at the shore and -
brought to the classroom. 1t is also intended to be
used in conjunction with ofher marine learning
experniences. These activitizs may be used
separately whenever art is called for in your curd-
culum. It is recommendec that the activities be
mcorporated into a fotal unit, such as “The Rocky
. Shore,” or coordinated with the reading of a book.

In collecting materials to be used in these arts and
crafts activities, emphasize that students should
collect no more material than they will need to
complete the activities. The only material the
‘students should.be encouraged fo collect an excess

Basic Materials .

Below are some of the materials you will need.
Except fox the materials collected at the beach,
most of them are available in hobby and art supply
stores. Think ahead. collect in the summer ahd fallf

Shells — a wide variety of shepes and colors
Drftusoor
Beach vegetation

- a variety of shapes and sizes -

Beach Glass — fragments of gl&ss that have been
made smpoth by wave and sand action

Pebbles, Stones, and RocRs — a variety of colors,
sizes, and shapes

Adhesives — white glue (such as Elmer’s Glue-All),
rubber cement, school paste, household cement
(such as Duco}, epoxy, efc. ,

Paintbrushes — several sizes

Paper — construction paper, newsprint, aluminum
foil, tissue, oaktag, rice paper, paper cardboard
poster board : .-

Drawing and Painting Supplies - crayons chalk
charcoal, pastels, pencﬂs tempera paints

_ Cu!rmg feols — scisscrs, paper cutter, ut lity knife,
wire-cutters :

Spray Sheffac and vgrnish
Plaster of Paris

String, heavy thread wire, yarn, fishing hne, dentaf
floss

Fabric scraps, feh‘, pipe cfeaners, efc.

_ N
Seashore Bulletin Board

Materials
shelf or blank newsprlnt paper
white glue .

- construction paper
 felt tip markers

Directions

After returning from a fleld trip for whole class or |
small group,-spend a class sessidn grouping all the
dry and norssmelly mal’e_rﬁlgit:illected into the
zones they represent. Assign teams to assemble a
collage of materials for each zone. Construct the
class poster ¢r mural so that each task tea

receives their section and decorates it to tefllthe
story of their zone. For a variation, you ma want
groups or individual students 18 write a paragraph_
about their reflections <n_each zone, This can be
especially interesting if they write their story as an
explanation of their group effort but with each
student writing about a different organism. This

" scombination of writing and art makes zone iearmng

+

come alive. - - L
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' - Seashore Rubbing
~ Materials :

flexible paper such as rica paper or special rubbing
paper L '
dark crayons or graphite sticks

clip boards or other portable working strfaces

Directions )
There are many marine items which may be too
prone to decay for your students to bring them
back fo the classroom. Such items as sea weed--
(algae), dead crabs and other-hard or semihard
materials may become’ pictures without drawing.
“Place the item fo be rubbied on a firm, flat surface,
Mold the rubbing paper gently to fit the curves of
the item being rubbed. Rub slowly with the crayon

'Shell Printing ‘ T
Materials _ _
a variety of shells (works best with sand dollars
and other flat shells) . X
newsprint

" manner, -

- careers in crafts. . -

- .
N O,

or graphite stick only on the parts.that project -
from the background surface. Colors may be ,
chosen to correspond to the natural, living color of
the organism being rubbed, You may. want to use
rubbings as a way to enhance a shore bulletin
board, or you may want your class to make book-
lets describing sea life of interest to them with a
rubbing as an illustration for each organism, If you T E
want to spend a little more for materials, kits of «

Jfubbing crayons and rubbing papers are avajlable

from art supply shops.

paintbrushes, wide, stiff ~ :
non-toxic paints, water soluble ory s
newspaper - : - - - S E

Direztions - _ e
1. Cover the work area with newspaper. < Ea

2. Choose several ihleresl_ing shells you wish to print " o
with. Plan a design. - - ' -

3. Using a ﬁajnlbrush, cover the shell evenly with
paint. : ; :

4, Place the shell on the newspaper and gently press .. TE
the newsprint down on the shell. Rub back and A
forth gently until the impression of the shell is_on -
the paper. Repeat this step with the other shells, R

5. Let lhe finishe_d paint dry. i

Variations o _ ‘

1. Cut out the prints and mount them on a con-

. {rasting piece-of paper. _ _ -

2. Combine shell printing with painting, or include
shell prints as part of a collage.

Driftwood Sculpture* -

Materials - ST

driftwood, in a vatjety of shapes

shells, pebbles, dried beach grass
glue - Lo

Directions - . . A

1. Finda piece of driflwc_;od that resembles an animal.
2. Add decorative touches so that it resembles the .
_ animal even more, - T

Variations -« Natoral Diiftwood Sculpture
Select an unusual piece of driftwood, Glue pebbles, e
shells, and beach grass {6 it inanartistically pleasing - :

*Can-be used wi!h't_inif dfi_Naﬁ@ :t‘?‘mericans o - T




Pressed Vegetation Collage*

Materials

leaves, bedch grass, ‘seaside flowers, etc

tissues

tweezers

toothpicks

white glue \

heavy poster board

large book such as telephone directory, catalogue or
dictionary

Directions - " ) v

1. To prepare the vegetatjon for drying and ptessing,
place it between two pieces of newspaper. Make
sure the vegetation is flat. .

2. Place the newspaper and vegetation between two
large books for about a month, or press in a plant*
press for 4-5 days. (Steps 1 &

. plished by the teacher before beglnnrng the project
- with the class)

3. Careful!y remove the pressed and drled vegetation
from the book and arrange it in 2 des;gn on the
* poster board. - L

-4, Using tw=ezers, carefu!ly prck up the ueoelation
. With a foothpick, dot a small amount of white glue
on the pressed material. Place the pressed
malenals on the poster board.

Vanattons
1. Using a picture frame, glue lhe pressed material on

~ the cardboard backing and cover wlth dlue.
2. Pressed vegetation may be glued qnto pIam note'
- paper - -

3. Pressed uegetauon maybe glued onto ﬂat pieces of
driftwood or boards collecled at the beach

4, Arrange leaues. grasses, etC. on'a piece of white,
or colored, 12°'% 18" drawing paper. Cover the

paper-and decoralnonswlth clear contact tomakea-

place mat.

*Use with unit on p!ants Use pressed plants fo paste
onlo pictures studenls draw.

-Sand Painting*
- Materials
fine sand
- white glue
oaktag or heavy cardboard
water
_paintbrush
pencil
trays for sand
brush and dustpan

Directions
1. With a pencil, lightly draw a slmple design on the
oaktag or cardboard.

2. Mlx equal amourits of glue and- waler

should be accom-

~

%

4. - ° -

3. Paint a small portion of the design with the glue and
water mixture and sprinkle sand on . Shake off
the extra sand. Continueuntil the design is covered
with sand. -

Variations

1. Use colored sand. You may either purchase
colored sand from ahobby supply storeor make
your own. To color sand, mix sand with acrylic-
paint and water and leave it to dry for several
hours. Stirthe drying sand occasionally to.
prevent lumps from forming. Food colors are
good.for coloring white Southern sand, which
are often available from regular science supplies.

2. Makea sand-painled mural. Everyone in the class
could contribute one scene to a large picture. -

3. Lightly outline a dd¥ired shape with crayon in a
styrofoam meat fray. Sand paint that design, or
sand paint “free-hand” using the sand’discussed
above, or using colored aguarium gravel. Q-tips
can be-used to apply-undiluted Efmer’s glue to
the meat tray. Masking tape can be used fo

mount half a paper clip to the back of lhe meal B

tray’ for usein’ hanglng, N

*Read a b00k an a variety oj seashore creatures
Hand ou! an outline of various creatures and use’
Jor sand painting. The very use of beach sand for
paintings willgenera!e marinerelated questions

and awareness, Therefore,-apply the-sand-painting .~

activity to any curriculum area which is -in-need of
an arf activity. For example, utilize for large biock
let!er and/or numb er cards .

Rocks 'ant_i_l P;e;l)bles '
Painted-Rock

Materials

. large rock

tempera paints .~ )
spray shellac ’

white- glue

paintbrushes

yarn, feathers, strmg, pipe cleaners, felt, macarom

Drrectro ns

1. Wash'a rock and let it dry.

2. Choose amarine creature and paint it-on the roclc

se one.color at a time. Allow each color lo dry ) O

roughly before using another.

3. When the paint is dry, spray therock creature wﬂh-

shellac and letit dry.

4. To make: hair, wh:skers anlennae, {eet talls ears, L

tongues, etc,, use fealhers, yarn, siring, felt pipe
cléaners, Small pebbles, etc. Be creative!

*Use {0 reinforce. science unit on rocks dnd
minerals; following a field trip to the shore; aﬂer
reading a book on the rocky shore or vo!cames
{or other earth screncevtype book) .
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| My Special Critter SR
Name: ‘ - :
4 Grade: l
" Date: ‘
My critter is 2 - \
My critter moves about centimeters in 10 seconds,
My critter has : to help it move. It moves by
!
My critter gets food by
. /I
My critter looks ke this (draw a picture)
- My Critter
: 1 o
P b = -
iy
L
If | were my critter, | would like to live in {or near) a
- Because -~ ' .
' ]
ﬂ.
r -
As my critter looks out at me it “thinks” that I am
i ' ¢
Because ——; -
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ite Cap Island, Maine .

. sand beach
@ _bedrock ledge®.
08k - grdt])el beach

#s  soils
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oo C Salar Quiz & ’ §
:_ ‘I i . * : i - ? " _:_ B
NAME }*? - .
1. The spawning ground is called the. — \;’ B
2, A female salmon lays : eqgs per pound of her weight .

3. Ihatch and feed on the yolk sac. lam —

+

4. ook very rnuch like a brook trout, l am

52 The parr can be distingmshed from the brook frout by jts

i

6. | tum silver and swim to the ocean. lama

¥

-]

. I have spawngd in the river and spend the winter in a pool of the niver. 1ama. '

© 10,

<o

11,
12,

. Tret

. & mafure male salmon has a

to the river and spawning ground after one year in the ocean, fam a

.

Thred things that are bad for Sdlar are

’ —t

and

Two ways of catching salman by commercxal fishermen are

and”

Thrée ways to help Salar by management are /

-

- " -

N -

+ . Salar Diagram
W, ]

. adipose fin

c dor%a‘l fin.
. ’ lateral lme =
*qill cover

pectoral fin .

ve;lyral fins
anus )
anal fin
caudal fin




U 7 Atlantic Salmon Worksheet

. Please answer the Tollowmg questaons They are muiltple chouce Underline the correct answer.

The mouth of a river where, the hde ‘meets the current. : .
'_ a, breed:ng ground - ’
~bY estuary ' ' D

C. spawning area

% Atlantic salmon can return totheriver —__ to spawn,” ' T
a, once | . .. Pow : -
- ] \ ! M
b, twice
¢. several times - : . -0 .

L3

. A salmon that returns after one year is called a
« a grilse < " o Y .
s b, alevin ) : - - '

c. parr - ' ' Cy

o L3

4. The spawning area must,cc;nlain -0 ' .
. a gravel bottom e - - A .
‘. b. clay betlom . . -
c. solid rack boitom o . ’ ¢

-

&
5 A'series of minute pores furming a line running alongeach side of lhe fsh lhe nerveendingsinthe pores
+ sense disturbances in-the water.

' a. lenticel - ‘ ‘ e
v b, lateral line _ '
C. keh . . . . 3

R 6. We can tell'a lot about the life history of a salmon by an exdmination, of its
- & dorsal fin \

© b, gills - .

w c. scales, ' © ‘ ‘ .

-
1 1Y

e S -7 Any of the lhm flaj, hard plales couermg many fish. - ;.
D a. aills ‘ , . -
' b, alevins ' ¢ ’

L4

R -..c. scaleg . . . . ’ T

8. Fish ladders help salmon to - . “
a. migrate upstream . : -
h. find food _ ) '

c. spé’wn ' . v

o

9. A process in,whu-‘\ a mass of eggds or sperm is emitted by 2 fish,
S ., a spawning”
., b. - tagging
’ «c. scaling ’ -
10 A hOJg_h a pair ofspawmng‘salmon will lay3 00020, 000 eqgs, only..__.__._ofll'!eir offspring survive
) to spawn s
. : a 2”7 ) , . ’ . \
e | . (. '
T c 1000 ’ - ] £q
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Whlte Cap lsland Maine - -

»

’ Descriphén* White Cap Island is located 9 km Erom the mainland. It has a surface avea of 500,000 sq.

meters {approximately 125 acres). The island is crescent shaped. White Cap Island has a rolling
topography with three hills and steep slopes along its sticreline (see map). ¥

Geology: The island is made up of sutficial materials composed of reworked glacial drift. Sarfical
deposits are important o man because they usually support the best soits on the islands, they are
used for. housé foundations and sewage disposal systems, and fréshwaler wells are griore easﬂy con:
structed in’anconsolidated surficial deposits thar i in bedrock

The bedrock making up the islapd is a pink, coarse gramed granite. This gramte bedrock has a high
resistance to erosion and a moderate to high bearing ¢apacity. The unconsolidated s!-lrfcta] deposits
have a low to moderate bearing capacify and are very susceptible to erosion. The nslng sea level Is
eroding these deposits. . . .

Shoreline Ty%s. The shorelire types along Wh:te Cap Island are primarily comp05ed ol ledge. There
are two gravelbeaches and one sand beach located at different points on the island. The major source
of tnatenials for these beaches is suirficial material eroding off the island.

I

Rocky shores differ from sandy shores in that rock shorelines house many more organisms than sandy
beaches. Most of the organlSms on a rocky shoreline are either attached to the-surface of the rocks,
or are found ander or in between the rocks. Sandy beaches constitute a more rapidly shifting
subs]trate then rock. Moch of the Ilfe associated with a beach bur.rows into tI;re sand and is not readily
visible.

Ground water: Fresh water is an important factor influencing plant and animal habitation. It is available -
from precipitation {rain and snow}that infiltrates the soil and migrates slowly downward, filling spaces
between soil particles and minute openings in the joints and fractures in the bedrock. The water table
is the upper surfacr. 2f the <aturated zone. All water in this saturated zone is called grounq water.

The ground water table follows the topography of the island, belng higher under hills and lower under
valieys. Its level at any on- locality represents a balance between recharge from precipitation, and
discharge from springs, seeps, and wells. The elevation of the water table varies seasonally in response
to different amounts of precipitation {(usually less than 3 meters). Because the water table is higher
than mean sea level, there is an overalt outward flow of ground water from an igland (i.e. springs).

" Fresh water is less dense than salt water and tends to float upon it. Analogous to an iceberg, a body of

fresh water associated with ari island is much more extensive below sea level. Because the fresh water
flows seaward, the intérfa Yetween fresh water and salt water is displaced seaward. It is this inter
face dlSplacement that ayows fresh * ater wells to be constructed only a few meters from high tide.
Driine wells too deep, or over pumping them, would cause galt water to rapidly intrude and

‘contaminate *the freshjmter supply.

“tion. As a result, the available fresh water suppiy must be developed and used wisely. It is best to

Islands do not have uplimited supplies of fresh water The Supply is renewed only through precrprt:[

construct wells as fa‘F batk from the shore as practical and to use them only for domestic purpos
Once sult water intrusion hes occurred, a lengthy period of time may be required for natural ground
water to-flow to flush the salt out. Perhaps the most economical and reliable well sites on this island
would either be in the deep, permeable surficiai deposits or where springs are found at a safe distance
from the shore. -

Sori types, The follovnng are the types of soil present on White Cap Island. Consult the map to find the
actual Iocahoi\f these soil types. *

1, Moderately well drai: <d, greater than 150 cmio bedrock area on top is gravelly loamy sand. Surface _
~ slonhiness ranges from non- stony {o extremely stony.

2. Cool damip land, less than 50 cm 1o bedrock. The sandv ioam is high in organic roalter.
3,  Area more than 90% of exposed bedrock. » . - 2

.4 Area more than 50% of exposed bedrock with thé remainingarea bemg sandy matenalless than 25 ¢m
“deep (to bedrock).
5. Very poorly drained orgahic soils. Less than 100 ¢cm deep over the bedrock.

6. These are cool, Jamp organlc soils that have about 20 ¢m of organic matter over 5 cm of sandy_
smatenals on top of bedre~k. ~

7. This area is somewhat excessively drained. The gravelly loamy sand extends 100 to 130 cm till
bedrock. The surface stomnegs ranges from no.-stony to extremely stony. .

A . . _

I -




Vegetation: The vegetation on White Cap Island is dominated by a softwood (white spruce and red
spruce) forest. This island can preduce wood volumes sufficient to induce commercial harvesting given
proper evonomie conditions. The spruce forest on the toastal islands has significant recreational and
wood resource value and endows the islancl with a special scenic quality.

In addition to the soltwood forest, there are two small bogs on the island which are located in |
depressions in the bedrock. These bogs are vegetated with mosses and orasges. There are many small
plants on this island rot found on the adjacent mamlancl This is due to the unigue environmental
conditions found on the island.

Wildlife: The w:lclll!e population on Wh.te Cap Island consists of white tailed deer, field tnice, assorted
insec.ts, birds of.prey, seabirds (COI’ITIOI'unlS, Terns, Herons, Leach's Petrels, Puffms, Osprey, Bald
Eagles, Ducks and Gulls).

The vegetation cover and structure of the 1sland determine the best selection factors for the nesting

- . species. The cormorants have built semi permanent nests on the northeast shoreline of White Cap
Island. Thederns are also located on the ledges, but they are at a fair distance from the cormorant
colony, on the southeast coast of the island. The ducks nest in the shrubby area on the southern tip of
the i1sland, the gulls have chosen a grassy site adjacent to the ducks, The pufiins nest on the cliffs on
the west shore of the island. Herons, bald eagles, and ospreys all nest in the”islard’s trees. The petrels

..nest n burrows dug into the ground on the northern side of the island vhere the sod i deep enough

for burrowing. -

Scenic Value: White Cap Istand has, as all coastal islands have, a high scenic value. This island is a

prominent feature on the landscape of the region. It is visible from the mainland, from the waier and

from other islands. As ** » region is partially dependent on tourism as a source of income, it is in the
. best interests of the . that the isfand rentain highly scenic.

]
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Bedrock m Vegetated gravel ridge
. R Metavolcanics {rhyolites) surfXbe
o < . and metasediments of the  [CSAM] High saltmarsh
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“ I (Quarternary Age) - Ebb-tidal delta deposits
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Marine’Units Order Blanks o N
If you would fike & vrder any of the units produced by the Northern New England Manne Education .
Project, please fill in the following information,These units are available to you at cos! ($3.50 per unit), .
and the postage and handling fee is already incfuded. S
‘ Malke check payable to: University of Maine af Orono Send checks for the exact amount to.
N Northern New England Manne Education Project . - Lt \\ -
206 Shibles Hall N ’ ) -
* University of Maine
_ Orono, ME 04469 * - . - ;
S . - -1#-of-um'ts . L T S P L L o
T requésted Unit Title
- Have You Been To The Shore Before? .
What Advenfures Can You Have In Wetlands, Lakes, Pords, and Puddles?
What Is-Our Maritime Heritage? ' : - a
How Do People Use Lighthouses and Navigational Charts? 9
Is Qur Food Future In the Sea? _
Do You Know Opr Marine Fish? ¥, - R
Do You Know . Our Marite Algae? ’ . . O
What Are the ABC’s of Marine Education? .
- Total # of B ,
Units Requested X 5380 =
Your Name I' — -
Mailing Address — \l = :
Street or P.O. Box "y
(Vilage) _ IR
‘x\ g (State) Please prepay and affow 4 weeks for defivery. (Zip)
"Make check payable-to. i.lniversity of Maine at Orono. Send checks for the exact amount to:
Northern New England Marine Education Project " ) -
206 Shibles Hall
University of Maine N .
Orono, ME 04469 ~ R
E # of units o -
requested - ’ Unit Title
Have You Been To The Shore Before?
What Adventures Can You Have In Wetlands, Lakes, Ponds, and’ Puddies"
What Is Our Maritime Herilage?
How Do People Use Lighthouseséind Navigational Charts?
- Is Our Food Future In the Sea? '
B Do You Know Our Marine Fish? .
o o Do You Know Our Marine Algae? .
B P - What-Are the ABC's of Marine Education? -
Total 4 of ' . : : o i
Units Requested . X $3.50 = ’ - " e
. Your Name
Mailing Address it - i
R Street or P.O, Box . . T
E . - \' A ] __
. {(Village) )
:-___. \) * = - - - =
T MC - . tate) Pfgas_e pr_elt_:_lay__c:'ngJ alfow 4 weeks_.,for deﬁuery. (Zip) )
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. + .
I..aboratory Aactivities! v
Students can work in teams of 24,° - ’ o
R -~ Materials that will be needed: ) '
oo Living sea star in culture dish, aquaria, sea‘water slide, cover glass, stereoscope, ruler ttmmg device,
- ) variety of foods, other maring organisms, ﬁab:lat supphes, hand lens, scalpel : ) » )
e _- \r Procedure: - ' _ _ ' v Lo,
A "Using a binocular dlsseclmg microscope or a hand fens, locate the followmg underlmed structutes and : !
answer lhe qucshons. Also, label-all dmgrams with the underimed words, - - -
A Extemal Aboral Stmctures S ) C. Locomoﬁon — the water vaecular systern”
1. Central disc and five arntas ' ' Fill an aquarium-with sea water. Sea Stars have a tendency to move up the 51des
- What type of*symmelrg is shown? of the aquana' lfthey will net move in bnght light, moye the tank to a dark area
S ‘What type of life is suck symmetry best adapted? * . 1. What'is.the mode of acho\‘otlhe water vascular. system?
' 2 Madrepnnte or sic.2 plate, a small circular area off center 2. _How do the ampuﬂa and tube feet act to effect locomotion? .. _

> oo
Whm_cc:]or Is it © Measure, thie rate of Ibcomohon using a ruler and a timing device. . =~ . "

3. Spines are rough texluréd pro;ectlons : T
Can you think of a purbose that they might aex;ve'?
Mark one of two of the arms with a ballpoint’ pen

4. Anal ted i t : : :
o Wrﬁ:t?spi?:’f:ﬁc!g;?}:e th cenfer 1.-Does any one arm take thelead? “4

5. Pap_ula-are finger-like projections between spines.

“1. Record measurements three times and average them dut: ~

o’

* Place some mussels on the opposite side of the tank. Record any reacttons

What is ts funcfion? and time any movements. - - -y
6. Pe dttélléna are pincer-ike structures . Inuerl the sea star. Observe the nghhng action. o T
T Scrapealittle of the aboral surface with a scalpel, mount the Rt : . - K
= scrapings in water on a slide under a cover glass. * o ] . - "
5L Do you see more than one kind, if so how man o ‘ v ‘
o What function do they serve and why Is this necessary? D! Feedmg :

S ) 1. Put some different food in your. dish with the sea sthr, one at a fime.

- Record any preferences. {Suggested food: snails, crustaceans, worms, fi sh)
£+~ B. External Oral SuM How did they'feed? :

E 1. Mouth located in the center. - Did any everting of the stomach take place?
2. Ambulqcral Grooves groove along the'&enter of each arm . ggr‘::o?:eg :ngieuc:eg:gnt?gg;:ﬂhe ond of the expenmenl Why'?
3. Tube Feet . 0 . :
. How many rows are present in each arm? ,

Are they retricted or extended? ; -
Suction discs at the tip will be difficult to see; can you see them? ., . ) . - » . ) L

4, Tentacle — soft at end of each arm ) E(Social Beh'aumr e .‘ S
Touch it and record reaction.

1. Add other-sea stars to the dish. Record reactions.

5 Evespot — small’and pigmented on the end of aach arm. 2. Add other organisms (whatever you wish) and record the reactions.
What is its function?  ~ . 3. Add rocks oranyother suitable non-metallic objects that could be usedasa -

-What color is it? habﬂat Dotheyhke dark areas‘? What type of habli’ét do. lhey seek Omé 1

1
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North Coast, Dominican Republic 8 F-ia;iich, 1978 Eae.lt Coast, Newfoundland 21 August, 1979
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East Coast, Newfoundland 15 July, 1978
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Mount all piecés on cardboard first, Cut out
pleces. Using a holepunch, punch out
holes marked @, Insert brass fastener
through centers of pieces to be joined so
pleces are secute but still move -y, ..
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